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(54) Vertically-flllgned (VA) liquid crystal display device 



(57) A vertically alignment mode Ik^uid crystal die- 
play device having an improved viewing angle charac- 
teristic is disclosed. The disclosed liquid crystal display 
device uses a liquid aystal having a negative aniso- 
tropic dielectric constant, and orientations of the iiqutd 
crystal are vertical to substrates (12,13) when no volt- 
age being applied, almost horizontal when a predeter- 



mined voltage Is applied, and oblique when an 
intermediate voltage is applied. At least one of the sub- 
strates Includes a structure (20) as domain regulating 
means, and inclined surfaces of the structure operate 
as a trigger to regulate azimuths of the oblique orienta- 
tions of the liquid crystal when the intermediate voltage 
is applied. 
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Descriplioii 

The present invention relaftee to a liquid crystal display (LCD), and more particularly to a verticaDy-aligned (VA) 
LCD. 

5 Among f iat-panet displays enjoying image quality equivalent of the one offered by the CFM. it is a liquid crystal dis- 
play (LCD) that has been most widely adopted nowadays. In particular, a thin-film transistor (TFT) type LCD (TFT LCD) 
has been adapted to put>lic welfare-related equipment such as a personal computer, word processor, and OA equip- 
ment, and home electric appliances including a portable television set, and expected to further expand its marlcet. 
Accordingly, there is a demand fbr further improvement of image quality. A description will be made by taking the TFT 

10 LCD for instance. However, the present inventon is not limited to the TFT LCD but can apply to a simple matrix LCD, a 
plasma addressing type LCD and go forth. Qenerally, the present invention is applicable to LCDs which include liquid 
crystal sandwiched between a pair of substrates on which electrodes are respectively formed and carry out displays by 
applying voltage between the electrodes. 

Currently, a mode most widely adopted for the TFT LCD is a normally-white mode that is implemented in a twisted 

15 nematic (TfvJ) LCD. The technology of manufacturing the TN TFT LCD has outstandingly advanced in recent years. 
Contrast and color reproducibility provided by the TN TFT LCD have surpassed those offered by the CRT. However, the 
TN LCD has a critical drawback of a nanrow viewing angle range. This poses a problem that the application of the TN 
LCD is limited. 

In an effort to solve these prot>lems, Japanese Examined Patent Put>lication Nos. 53-48452 and 1-120528 have 

20 proposed an LCD adopting a mode refen'ed to as an IPS mode. 

However, the IPS mode suffers from slow switching. At present, when a motion picture representing a fast motion 
is displayed, drawbacks including a drawback that an image streams take place. In an actual panel, therefore, for 
improving the response speed, the alignment film is not rubbed parallel to the electrodes kHJt rubbed in a direction 
shifted by about 15°. However, even when the direction of rubbing is thus shifted, since the response time permitted by 

26 the IPS mode is twice longer than the one permitted by the TN mode, the response speed is very low. Moreover, when 
rubbing is carried out in the direction shifted by about 15"", a viewing angle characteristic of a panel does not become 
uniform between the right and left sides of the panel. Gray-scale reversal occurs relative to a specified viewing angle. 

As mentioned above, the IPS mode that has been proposed as an alternative for solving the problem on the viewing 
angle characteristic of the TN mode has the problem that the characteristics offered by the IPS mode other than the 

30 viewing angle characteristic are insufficient. A vertically-aligned (VA) nrnxJe using a vertical alignment film has been pro- 
posed. The VA mode does not use a rotary polarizatfon effect which is used in the TN mode, but uses a birefrlngent 
(double refraction) effect. The VA mode is a mode using a negative liquid crystal material and vertical alignment film. 
When no voltage is applied, liquid crystalline molecules are aligned in a vertical direction and black display appears. 
When a predetermined voltage is applied, the Ikjuid crystalline nrK>lecules are aligned in a horizontal direction and white 

35 display appears. A contrast in display offered by the VA mode is higher than that offered by the TN nnode. A response 
speed is also higher, and an excellent viewing angle characteristic is provided for white display and black display. The 
VA mode is therefore attracting attention as a novel mode for a liquid aystal display. 

However, the VA mode has the same problem as the TN mode concerning halftone display, that is, a problem that 
the light intensity of display varies depending on the viewing angle. The VA mode provkles a much higher contrast than 

40 the TN mode and is superior to the TN mode in terms of a viewing angle characteristic concerning a viewing angle or 
a viewing angle dwacterietic. because even when no voltage is applied, liquki crystalline molecules near an alignment 
film are aligned nearly vertically. However, the VA mode is Inferior to the IPS mode in terms of the viewing angle char- 
acteristic. 

It is known that viewing angle performance of a liquki crystal display device (LCD) in the TN mode can be improved 
45 by setting the orientation directions of the liquid crystalline nK>lecules inskie pixels to a plurality of mutually different 
directions Qenerally. the orientation direction of the liquid crystalline molecules (profit angles) which keep contact with 
a substrate surface in the TN mode are restricted by the direction of a rubbing treatment applied to the alignment film. 
The rubbing treatment is a processing which rut)s the surface of the alignment film in one directfon by a ctoth such as 
rayon, and the lk|uid crystalGne molecules are orientated in the rubbing direction. Therefore, viewing angle performance 
60 can t>e improved by making the rubbing direction different insUe the pixels. 

Though the rubbing treatment has gained a wide appfication. it is the treatment that rubbs and consequently, dam- 
ages, the surface of the alignment film and involves the problem that dust is likely to occur. 

A method which forms a concavo-convex pattern on an electrode is known as another method of restricting the pre- 
tilt angle of the Ikiiuid crystalline molecules in the TN mode. The Ik^ukj crystalline molecules in the proximity of the elec- 
66 trodes are orientated along the surface having the concavo-convex pattern. 

It is known that viewing angle performance of a liqukJ crystal display device In the VA mode can be improved by 
setting the orientation directions of the liquid crystalline molecules inskJe pixels to a plurality of nnutually different direc- 
tions. Japanese Unexamined Patent Puk)lication (Kokai) Na 6-301036 discloses a LCD in which apertures are provided 
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on a counter electrode. Each aperture faces a center of a pixel electrode and oblique electric fields are generated at a 
center of each pixel. The orientallon directions of the liquid crystalline molecules inside each pixel are divided into two 
or four directions due to the ok)lique electric fields. However, the LCD disclosed in Japanese Unexamined Patent Publi- 
cation (Kokai) No.6-301036 has a problem that its response (switching) speed is not enough, particularly, a response 

5 speed for transition from a state in which no voltage is applied to a state in which a voltage is applied is slow. A cause 
of this problem is presumed that no oblique electric field exists when no voltage is applied between the electrodes. Fur- 
ther, because a length of each area having continuously oriented liquid crystalline molecules in each pixel is a fialf of a 
pixel size, a time for alt liquid crystalline molecules in each area to be oriented in one direction becomes long. 

Further, Japanese Unexamined Patent Publication (Kbkai) No. 7-199193 discloses a VA LCD in which slopes hav- 

10 ing different directions are provided on electrodes and the orientation directions of the liquid aystalline molecules inside 
each pixel are divided. However, according to the disclosed constitutions, the vertical alignment film formed on the 
slopes are rubbed, therefore, the VA LCD disclosed in Japanese Unexamined Patent Publication (Kbkai) No-7-199193 
also has the above-mentioned problem that dust is liloely to occur. Further, according to the disclosed constitutions, the 
size of the slopes is a half of the pixel, therefore, all liquid crystalline molecules faces the slopes are inclined, a good 

13 black display cannot be obtained. This causes a reduction of contrast. Further, inclination angles of the slopes are small 
because two or four slopes are provided across each pixel. It is found that the gentle slopes cannot fully define the ori- 
entation directions of the liquid crystalline molecules. In order to realize steep slopes, it is necessary to increase a thick- 
ness of a structure having slopes. However, when the thickness of the structure becomes large, charges accumulated 
on the structure becomes large. This causes a phenomenon that the liquid crystalline molecules do not change their 

20 orientations when a voltage is applied due to the aocunruilated charges. Tltis phenomenon is so-called a txjrn. 

As described akxive, there are some prMexm to realize a division of orientation directions off the liquid crystalline 
molecules for inrproving the viewing angle performance in the VA LCD. 

It is desirable to imprc^e a viewing angle characteristic of a VA liquid crystal display, and to realize a VA liquid crys- 
tal display exhibiting a viewing angle characteristic that is as good as the one exhibited by the IPS mode or better than 

25 it while permitting the same contrast and operation speed as the conventional liquid crystal displays. 

According to an embodiment of the present invention, In the VA mode employing a conventional vertical alignment 
film and adopting a negative liquid crystal as a liquid crystal material, a domain regulating means is included for regu- 
lating the orientation of a liquid crystal in which liquid crystalline molecules are aligned obliquely when a voltage is 
applied so that the orientation will include a plurality of directions within each pixel. The domain regulating means is pro- 

30 vided on at least one of the substrates. Further, at least one of domain regulatng means has inclined surfaces (slopes). 
The Inclined surbces include surfaces which are almost vertical to the substrates. Robbing need not be perfbrmed on 
the vertical alignment film. 

In the VA LCD device, when no voltage is applied, in almost all regions of the liquid crystal other than the protru- 
sions, liquid crystalline molecules are aligned nearly vertically to the surfaces of the substrates. The liquid crystalline 

35 molecules near the inclined surfaces also orientates vertically to the inclined surfaces, therefore, the liquid crystalline 
molecules are inclined. When a voltage is applied, the liquid crystalline molecules tilt according to an electric field 
strength. Since the electric fields are vertical to the substrates, when a direction of tilt is not defined by carrying out rub- 
bing, the azimuth in which the liquid crystalline molecules tilt due to the electric fields includes all directions of 360*". If 
there are pre-tilted liquid crystalline molecules, surrounding liquid crystalline molecules are tilted in the directions off the 

40 pre-tilted liquid crystalline molecules. Even when rulsbing is not carried out, the directions in which tfie liquid crystalline 
molecules lying in gaps between the protrusions can be restricted to the azirruths of the liquid crystalline molecules in 
contact with the surfaces of the protrusions. When a voKage is increased, the negative liquid crystalline molecules are 
tilted in directions vertical to the electric fields. 

As mentioned above, the inclined surteces fill the role of a trigger for determining azimuttis in which the liquid crys- 

46 tailine molecules are aligned with application of a voltage. The inclined surfaces need not have large area. With small 
inclined surfaces, when no voltage is applied, the liquid crystalline molecules in almost all the regions of the liquid-crys- 
tal layer except the inclined surfaces are aligned vertically to the surfaces of the substates. ITiis can result in a nearly 
perfect black display. Thus, a contrast can be raised. 

Reference will now be nrmde, by way off exarnple^ to the accompanying drawings, in which: 

60 

Figs. 1 A and 1 B are diagrams for explaining a panel structure and an operational principle of a TN LCD; 

Figs. 2A to 2C are diagrams for explatning a change of viewing according to a change of viewing angle in the TN 

LCD; 

Figs. 3A to 3D are diagranv for explaining an IPS LCD; 
65 Fig. 4 is a diagram giving a definition of a coordinate system employed in studying viewing of a liquid crystal display 
as an example of the IPS LCD; 

Fig. 5 is a diagram showing a gray-scale reversal areas in the IPS LCD; 

Fig& 6A and 6B are diagrams showing examples of changes in display luminance levels off display in relation to the 
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polar angle: 

Figs. 7A to 7C are diagrams for explaining a VA LCD and problems thereof; 

Figs. 8A to dC are diagranns tor explaining rubbing treatment; 

Figs. 9A to 9C are diagrams for explaining principles of the present invention; 
5 Figs. 10A to 10C are diagrams for explaining determination of an orientation by protrusions; 

Figs. 1 1 A to 11 C are diagrams showing examples of the protrusions; 

Figs. 12Ato 12C are diagrams showing examples of realizing the domain regulating means; 

Fig. 13 is a diagram showing overall configuration of a liquid crystal panel of the first embodiment; 

Figs. UAand 14B are diagrams showingthe structure of a panel in accordance with a first embodiment; 
10 Fig. 15 is a diagram showing the relationship behween a pattern of protrusions and pixels in the first embodiment; 

Fig. 16 is a diagram showing the pattern of protrusions outside a display area of the first embodiment; 

Fig. 1 7 is a sectional view of the LCD panel of the first enrtxxJiment; 

Figs. 18A and 16B are diagrams showing the position of a liquid-crystal injection port of the LCD panel of the first 

embodiment; 

IS Fig. 19 is a diagram showing contours of protrusions in a prototype of the first embodiment defined by performing 
measurement using a tracer type coating thickness meter; 

Figs. 20A and 20B are diagrams indicating a change in response speed according to a change of spacing between 
protrusions in the panel of the first embociiment; 

Fig. 21 is a diagram indicating a change in switching speed according to a change of spacing between protrusions 
20 in the panel of the first embodiment; 

Fig. 22 is a diagram showing a viewing angle characteristic of the panel of the first embocfiment; 

Figs. 23A to 23C are dttigrams showing changes in display luminance levels of the panel of the first embodiment; 

Figs. 24A and 24B are diagrams showing changes in display luminance levels of the panel of the first embodiment; 

Fig. 25 is a diagram showing a viewing angle characteristic of the panel of the first enlbodiment having a phase- 
23 difference film; 

Figs. 26A to 26C are diagrams showing changes in display luminance levels of the panel of the first embodiment 
having a phase-difference film; 

Fig. 27 is a diagram for explaining occurrence of light leakage near the protrusions; 
Fig. 28 is a diagram showing a change intransmittance according to a change of applied voltage; 
$0 Fig. 29 is a diagram showing a change in contrast ratto according to a change of applied voltage; 

Fig. 30 is a diagram showing a change Intransmittance ol white display according to a change of height of protru- 
sions in the panel of the first embodiment; 

Fig. 31 is a diagram showing a change in transmittance of black display according to a change of height of protru- 
sions in the panel of the first embodiment; 
55 Fig. 32 is a diagram showing a change in contrast ratio according to a change of height of protrusions in the panel 
of the first embodiment; 

Fig. 33 is a diagram showing a pattern of protrusions of the second embodiment; 

Fig. 34 is a diagram showing a pattern of protrusions of a third embodiment; 

Fig. 35 is a diagram showing a modification of the pattern of protrusions of the third embodiment; 
40 Fig. 36 is a diagram showing an alignment of liquid crystalline molecules near apices of the protrusfons: 

Figs. 37A and 37B are diagrams showing shapes of protrusions of a fourth emtxxfiment; protrusions: 

Figs. 38A and 38B are diagrams showing a structure of a panel of a fifth enrtediment; 

Fig. 39 is a diagram showing a pattern of slits of a pixel electrode of the fifth embodiment; 

Fig. 40 is a diagram showing an example of alignment of liquid crystalline molecules at a oonnection of slits; 
45 Fig. 41 is a diagram showing generations of domains in the panel of the fifth embodiment; 

Fig. 42 is a diagram showing shapes of protrusions and slits of a sixth embodiment; 

Fig. 43 is a diagram showing generatior« off domains at corners of the protrusions and slits in the panel of the sixth 
emt)odiment; 

Fig. 44 is a plan view of pixel portion in a LCD panel of the sixth embodiment; 
so Fig. 45 is a diagram showing a pattern of pixel electrodes off the sixth embodiment; 
Fig. 46 is a sectional view of the LCD panel of the sixth embodiment; 

Fig. 47 is a diagram showing a viewing angle characteristic off the panel of the sixth embodiment; 
Figs. 48A to 48C are diagrams showing changes in display luminance levels of the panel of the sixth emkxxJiment; 
Figs. 49A and 49B are diagrams showing a nrxxlification of pattern of pixel electrodes of the sixth embodiment; 
65 Figs. 50A and SOB are diagrams showing a pattern of pixel electrodes and a structure of a panel of the seventh 
embodiment; 

Fig. 51 is a plan view of pixel portion in a LCD panel of the seventh embodiment; 
Fig. 52 is a diagram showing a structure of a panel of an eighth embodiment: 
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Figa 53A to S3 J €Lre dagrams showing a process for producing a TFT substrate of the eighth embodiment; 
F^. 54 is a diagram showing a pattern of protrusions a panel of a ninth embodiment; 
Fig. 55 is a plan view of pixel portion in a LCD panel of the ninth embodiment; 
Fig. 56 is a diagram showing a modification of pattern of protrusions of the ninth emtxxliment; 
5 Figs. 57A and 57B are diagrams for explaining influences of oblique electric fields at edges of an electrode; 
Fig. 58 is a diagram for explaining a problem occurred in a structure using zigzag protrusions; 
Fig. 59 Is a diagram showing In enlarged fonn the neighbortiood of a portion where a schNeren structure is 
observed; 

Fig. 60 is a diagram showing a region where response speed are reduced; 
10 Figs. 61 A and 6 1 B are sectional views of the portions where the response speed is reduced; 

Rga 62A and 62B are diagrams showing a fundamental arrangement of a protrusion wHh respect to an edge of 
pixel electrode in a tenth embodiment; 

Fig. 63 is a diagram showing an arrangement of protrusions in the tenth embodiment; 
Fig. 64 is a detailed diagram showing a distinctive portion of the tenth emtxxliment; 
16 Figs. 65A and 65B are diagrams tor explaining a change In orientation direction by irradiation of ultraviolet light; 
Fig. 66 is a diagram showing a modification of the tenth en4t>odiment: 

Figs. 67A to 67C are diagrams for explaining desirable arrangements of the protrusions and an edge of the pixel 
electrode; 

Fig. 68 is a diagram for explaining desirable arrangements of the depressions and an edge of tiie pixel electrode; 
20 FIga 69A and 69B are diagrams showing desirable arrangements of the protrusions and edges of the pixel elec- 
trode; 

Figs. 70A and 70B are diagrams showing a pattern of protrusions of a eleventh embodiment; 
Fig. 71 is a diagram showing an example in which discontinuous protrusions are provided in each pixel; 
Fig. 72 is a diagram showing shapes of the pixel electrodes and protrusions of a twelfth enrtxxliment; 
25 Fig. 73 is a diagram showing a modification of shapes ol the pixel electrodes and protrusions of a twelfth embodi- 
ment; 

Rg. 74 is a diagram showing a nxxlification of shapes of the pi)»l electrodes and protrusions of a twelftii embodi- 
ment; 

Fig. 75 is a diagram showing a pattern of protrusions of a thirteenth embodiment: 
30 Figa 76A €UKl 76B are sectional views of the third embodiment: 

Figa 77A and 77B are diagrams showing an operation of a storage capacitor (C8) and a structure of electrodes; 
Figs. 78A and 78B are diagrams showing an arrangement of protrusions and CS electrodes of a fourteenfli embod- 
iment; 

Figs. 79A and 79B are diagrams showing an arrangement of slits and CS electrodes of a nrxxiif ication of flie four- 
35 teenth eml^odiment: 

Figs. BOA and 80B are diagrams showing an arrangement of protrusions and CS electrodes of an anotiier modifi- 
cation of the fourteenth embodiment; 

Figs. 81 A and 81B are diagrams showing an arrangement of protrusiois and CS electrodes of an anoUier modifi- 
cation of the fburteenth embodiment; 
40 82 is a diagram showing a pattern ol protrusions of the fifteenth embodiment; 

Figs. 83A to 83D are diagrams for explaining alignment changes of the liquid crystalline molecules in tiie fifteentti 
embodiment; 

Fig. 64 is a diagram showing a viewing angle characteristic of the panel of the fifteenth emk>odiment; 
Figs. 85A to 85D are diagrams showing changes of response times k^tween gray-scale levels in tiie fifteenth 
45 embodiment, TN LCD, and ottier VA LCDs; 

Figs. 86A and 86B are diagrams showing an arrangement of protrusions of a modification of the fifteenth embodi- 
ment; 

F^. 87 is a diagram showing an arrangement of protrusions of another nrodif ication of tiie fifteenth emtxxiiment; 

F^. 88 is a diagram showing an arrangement of protrusions of another modification of tiie fifteenth emkxxHiment; 
so Fig. 89 is a diagram showing an arrangement of protrusions of another modification of the f ifteentii embodiment; 

Figa 90A and 90B are diagrams showing a structure of protrusions of a sixteenUi embodiment; 

Fig. 91 is a diagram showing an arrangement of protrusions of the sbcteenth enrtxxJiment; 

Figa 92A and 92B are diagrams showing a structure of a panel of a seventeenth embodiment; 

Fig. 93 is a diagram showing a structure of a panel of a eighteenth emkxKliment; 
55 Fig. 94 is a diagram showing a structure of a panel of a nineteenth embodiment; 

Fig. 95 is a diagram showing a structure of a panel of a twentieth embodiment; 

Fig. 96 is a diagram showing a structure of a panel of a modification of the twentieth emtxxliment; 

Fig. 97 is a diagram showing a structure of a panel of another nmlification of the twentieth embodiment; 
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Fig. 98 is a diagram showing a structure of a panel of another modification of the twentieth embodiment; 

Figs. 99A and 99B are diagrams showing a structure of a panel of a 2l8t embodiment: 

Figs. 100A and 100B are diagrams for explaining an influence of an assembly error to the alignment division; 

Figs. 101 A and 101 B are diagrams showing a structure of a panel of a 22nd enixxliment: 
5 Fig. 1 02 is a diagram showing a structure of a panel of a 23rd embodiment: 

Figs. 103A and 1038 are diagrams showing a structure of a panel of a 24th embodiment; 

Fig. 104 is a diagram showing a pattern of protrusions to which the structure of the 24th enrtxxfiment is applied; 

Figs. 105A and 105B are diagrams showing a structure of a panel of a 25th embodiment; 

Fig. 106 is a diagram showing a structure of a panel in which a relationship of response time with respect to a gap 
10 length between protrusions is measured: 

Fig. 107 is a diagram showing the relationship of response time with respect to the gap length; 

Figs. 1 08A and 106B are diagrams showing a relationship of a transmittance with respect to a gap between protru- 
sions; 

Figs. 109A and 109B are diagrams showing an operational principle of the 25th embodiment; 
16 Fig. 11 0 is a diagram showing a structure of a panel of a 26th embodiment; 

Fig. 1 1 1 is a diagram showing a viewing angle characteristic of the panel of the 26th embodiment 
Fig. 1 12 is a diagram showing a pattern of protrusions of normal types; 

Fig. 1 13 is a diagram showing wavelength dispersion characteristic of the optical anisotropy of the liquid crystal; 
Fig. 1 14 is a diagram sliowing a pattern of protrusions of a 27th emtx)diment; 
20 Fig. 1 15 Is a dteigram showing a relation between an applied voltage and transmittance; 
Fig. 1 16 is a diagram showing a pattern of protrusions of a 28th emt>odiment; 
Fig. 1 1 7 is a diagram showing a pattern of protrusions of a 29th embodiment: 
Fig. 1 18 is a diagram showing a pixel structure of the 29th embodiment; 
Fig. 119 is a diagram showing shapes of protrusions of a 30th enr4)0diment; 

29 Fig. 120 is a diagram showing a change of transmittance according to a change of height of protrusions; 
Fig. 121 is a diagram showing a change of a contrast ratio according to a change of height of protrusions; 

Fig. 122 is a diagram showing a change of transmittance in white level according to a change of height of protru- 
sions; 

Fig. 123 is a diagram showing a change of transmittance in black level according to a change of height of protru- 

30 sions; 

Figs. 1 24A and 124B are diagrams showing pixel structures of an modification of the 30th embodiment; 

Figs. 1 25A and 1 25B are diagrams showing shapes of protrusions of a 31 st embodiment; 

Fig. 126 is a diagram showing a relationship between a twisted angle and a thickness of liquid crystal layer in a 

panel of the VA LCD; 

55 Fig. 127 is a diagram showing a relationship between a relative luminance of white level and a retardation of liquid 
crystal in the panels of the VA LCD and TN LCD; 

Fig. 128 is a diagram showing relationships between transmittances and a retardation oi liquid crystal at respective 
wavelengths in the panel of the VA LCD; 

Fig. 129 is a diagram showing relationships between response times and a gap between protrusions at respective 
40 wavelerigths in the panel of the VA LCD; 

Fig. 130 is a diagram showing relationships between an aperture ratio and a gap between protrusions at respective 
wavelengths in the panel of the VA LCD: 

Fig. 131 is a diagram showing a structure of a panel of a 32nd emtxKfiment; 

Fig. 132 is a diagram showing a structure of a panel of a modification of the 32nd embodiment; 
46 Fig. 133 is a diagram showing a structure of a TFT suk>strate of a 33rd embodiment; 

Figs. 134A and 134B are diagrams showing a pattern of protrusions of the 33fd embodiment; 

Fig. 135 is a diagram showing a structure of a panel of a 34th embodiment; 

Figs. 1 36A and 136B are diagrams showing a pattern of protrusions of the 34th embodiment: 

Figs. 1 37A to 137D are diagrams showing a process fbr producing a TFT sut>5trate of the 35th embodiment; 
60 Fig. 138 Is a diagram showing a structure of a TFT substrate of the 35th embodiment; 

Figs. 139A to 139E are diagrams showing a process fbr producing a TFT substrate of the 36lh embodiment; 

Figs. 140A and 140B are diagrams for explaining a problem of dielectric substance on an electrode; 

Figs. 141 A and 141 B are diagrams showing a structure of protrusions of a 37th embodiment; 

Figs. 142A to 142E are diagrams showing a process for producing protrusions of the 37th emt>odimerrt: 
86 Fig. 143 is a diagram showing a structure of protrusions of a 38th embodiment; 

Figs. 144A and 144B are diagrams showing a change of a shape of a protrusion due to baking; 

Figs. 145A to 145E are diagrams showing a change of the shape of the protruston according to baking tempera- 
tures; 



7 



EP0 884 626 A2 



Figs. 1 46A to 1 46C are diagrams showing a change of the shape of the protrusion according to a width of the pro- 
trusion; 

Figs. 1 47A and 1 47B are diagrams showing protrusions and a forming condition of the vertical alignment film; 
Figs. 14dA to 148C are diagrams showing an example of a method of forming protrusions according to a 39th 
5 emtxxiimeni: 

Figs. 149A and 14dB are diagrams showing an another exampte of a method of forming protrusions according to 
the 39th embodiment; 

Fig. 150 is a diagram shewing an another example of a method of forming protrusions according to the 39th 
embodiment; 

10 Figs. 151 A and 151B are diagrams showing charges of a repellent occurrence ratio according to the ultraviolet light 
irradiation; 

Rgs. lS2Ato 152C are diagrams showing an another example of a method of fbrming protrusions according to the 
39th embodiment; 

Figs. 1 53 A to 1 53C are diagranrts show! ng an another example of a method of forming protrusions according to the 
16 39th emtx>diment; 

Figs. 154 A and 154B are diagrams showing an another example of a method of forming protrusions according to 
the 39th embodiment; 

Figs. 1 55A and 1 55B are diagrams showing an another example of a method of forming protrusions according to 
the 39th embodiment; 

20 Fig. 156 is a dia^am showing a temperature condition of the method shown in Figs. 155A and 155B; 

Figs. 1 57A to 1 57C are cfiagrams showing an another example of a method of fonming protrusions according to the 
39th embodiment; 

Fig. 1 58 is a diagram showing a structure of a panel of a prior art provided with black matrices; 
Fig. 159 Is a diagram showing a structure of a panel of a 40th emtxxfiment; 
26 Fig. 160 is a diagram showing a pattem of protrusions of the 40th embodiment; 

Fig. 161 is a diagram showing a shade pattern (black matrices) of a 41th embodiment; 
Fig. 162 is a sectional view of a panel of the 41st emtxxliment; 

Fig. 163 is a diagram showing pixels and a pattern of protrusions of a 42nd embociment; 
Fig. 164 is a diagram showing a structure of a prior art panel having spacers; 
30 Figs. 1 65A and 1 658 are diagrams showir^ structures of panels of a 43rd embodiment and an modification thereof; 
Figs. 1 66A and 1 666 are diagrams showing structures of panels of modiftoations of the 43rd embodiment; 
Fig. 167 is a diagram showing a structure of a panel of a nrKXilf ication of the 43rd embodiment; 
Figs. 1 68A to 168C are diagrams showing a process of a panel of a 44th embodiment; 

Fig. 169 is a diagram showing a relationsNp between a scattered density of spacers and a cell gap in the 44th 
35 emtxxiiment; 

Fig. 1 70 is a diagram showing a relationship between a scattered density of spacers and generations of blemishes 
when a force is applied to the panel; 

Figs. 1 71 A and 1 71 B are diagrams showing chemical formulas of crown added to protrusion materials so that the 
protrusions have ion at>sorptlon ak)ility; 
40 Figs. 172A and 172B are diagrams showing chemical formulas of kryptand added to protrusk)n materials so that 
the protrusions have ion absorption ability: 

Figs. 1 73 A and 173B are diagrams showing structures of CF substrates of a 45th embodiment and a modificatton 
thereof; 

Fig. 1 74 is a diagram showing a structure of a panel of a 46th embodiment; 
45 Figs. 175A and 1758 are diagrams showing structures of CF substrates of another modifications of the 46th 
embodiment; 

Figs. 176A and 1768 are diagrams showing structures of CF substrates of another modifications of the 4eth 
embodiment; 

Figs. 177A and 1778 are diagrams showing structures of CF substrates of another modifications of the 46th 
60 embodiment; 

Fig. 1 78 is a diagram showing a structure of a panel of an another modification of the 46th embodiment; 

Figs. 179A and 1798 are diagrams showing structures of CF substrates of another modifications of the 46th 

enf4>odiment; 

Figs. 180A and 1808 are diagrams showing structures of CF substrates of another modifications of the 46th 
56 embodimerrt; 

Figs. 161A to 1810 are diagrams showing a process for forming protrustons on the CF substrate according to a 
47th embodiment; 

Fig. 182 is a diagram showing a structure of a panel of the 47th embodiment; 
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Figs. 183A and 180B are diagrams showing a process for forming black matrices of the CF substrate according to 
a 48th embodiment; 

Figs. 184A and 184B are diagrams showing a structure of a panel of the 48th embodiment; 
Figs. 185A to 185C are diagrams showing a process for forming protrusions on the CF substrate according to a 
5 49th emt)odiment; 

Fig. 186 is a diagram showing a structure of a panel of the 49th embodiment; 

Fig. 187 Is a diagram showing a process tor fbrming protrusions on the CF substrate according to a 50th embodi- 
ment; 

Figs. 188 A and 188B are diagrams showing a structure of a panel of the 501h enr4>odinrtent; 

10 Fig. 189 is a diagram showing a structure of a CF sUbstrate of a 51th embodiment: 

Figs. 190A and 190B are diagrams showing structures of CF sut>strate8 off modifications of the 51th embodiment; 
Fig. 191 is a diagram showing structures of CF substrates of modifications of the 51th embodiment; 
Fig. 192 is a diagram showing structures of CF substrates of nrnxlifications of the 51th embodiment; 
Fig. 193 is a diagram showing a structure of a panel of an another modification of the SOth embodiment; 

16 Fig. 194 is a diagram showing an example of a product employing the LCD in accordance with the present inven- 
tion; 

Fig. 195 is a diagram showing a structure of the product shown in Fig. 1 97; 

Figs. 196A and 196B are diagrams showing examples of anrangements of the protrusions in the product; 
Fig. 1 97 is a flowchart showing a process of a panel according to the present invention; 
20 Fig. 1 98 is a flowchart showing a process of fbrming protrusions; 

Fig. 199 is a diagram for explaining a process of forming protrusions by printing; 
Fig. 200 is a diagram showvig the configuration of a liquid-aystcU irqection apparatus; 

Figs. 201 A and 201 B are diagrams showing examples of the positions of liquid-crystal injection ports of the LCD 
panel; 

25 Figs. 202 A and 202 B are diagrams showing examples of the positions of liquid-crystal injection ports of the LCD 
panel; 

Figs. 203A and 203B are diagrams showing examples of the positions off liquid-crystal injection ports of the LCD 
panel; 

Fig. 204 is a diagram showing a structure of electrodes near the liquid-crystal injection port in the panel of the 
30 present invention; 

Figs. 205A to 205C are diagrams for explaining a defect due to contamination by polyurethane resin and sWn in the 
VALCD; 

Fig. 206 is a diagram showing a relationship between a size of polyurethane resin particulate and a size of defective 
area; 

55 Fig. 207 is a diagram showing a simulation result of a relationship between a display frequency and an effective 
voltage at respective specific resistances; 

Fig. 208 is a diagram showing a simutatian result of a discharge time at respective specific resistances; 

Fig. 209 is a diagram showing a simulation result of a discharge time at respective specific resistances; 

Fig. 210 is a diagram showing a fundamental constitution of the prior art VA LCD; 
40 Fig. 21 1 is a diagram showing a viewing angle characteristic (contrast ratio) of the prior art VA LCD; 

Fig. 212 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the prior art VA LCD; 

Fig. 213 is a diagram showing a fundamental constitution of the panel of according to the present invention; 

Fig. 214 is a diagram showing a viewing angle characteristic (contrast ratio) of present invention; 

Fig. 215 is a diagram showing a viewing angle characteristic (gray-scale reversal) of present invention; 
46 Fig. 216 is a diagram for explaining characteristics of a retardation film; 

Fig. 21 7 is a diagram showing a constitution of a panel of a 52nd enrt>odiment; 

Fig. 218 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 52nd emtxxiiment; 
Fig. 219 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 52nd embodiment; 
Fig. 220 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 
60 obtained with respect to a retardation in the 52nd embodiment; 

Fig. 221 is a diagram showing a constitution of a panel of a 53rd entxxliment; 

Rg. 222 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 52rd embodiment; 
Fig. 223 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 52rd embodiment; 
Fig. 224 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 
66 obtained with respect to a retardation in the 53rd enrt)odlment; 

Fig. 225 is a diagram showing a constitution of a panel of a 54th emtxxliment; 

Fig. 226 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 
obtained whh respect to a retardation in the 54th embodiment; 
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Fig. 227 18 a diagram ehouving a change of an upper limit to the optimum condition regarding contrast with respect 
to a retardation in the 54th embodiment; 

Fig. 228 is a diagram showing a change of a pdar angle at which no gray-ecale reversal is generated with respect 
to a retardation in the 54th embodiment; 
5 Fig. 229 is a diagram showing a change of an upper limit to the optimum condition regarding gray-scale reversal 
with respect to a retardation in the 54th embodiment; 

Fig. 230 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the S5th embodiment; 

Fig. 231 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 55th embodiment; 

Fig. 232 is a cEagram showing a constitution of a panel of a 56th emtx)diment; 
10 Fq. 233 is a cfiasram showing a viewing angle characteristic (gray-scale reversal) of the 56th embodiment: 

Fig. 234 is a cfiagram showing a viewing angle characteristic (gray-ecale reversal) of the 56th embodiment; 

Fig. 235 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 

obtained with respect to a retardation in the SGth enrixxfiment; 

Fig. 236 is a diagram showing a constitution of a panel of a 57th emtxxliment; 
15 Fig. 237 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 57th embodiment; 

Fig. 238 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 57th embodiment: 

Fig. 239 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 

obtained with respect to a retardation in the 57th embodiment; 

Fig. 240 is a diagram showing a constitution of a panel of a 58th embodiment; 
20 Fig. 241 is a cEa^am showing a viewing angle characteristic (gray-scale reversal) of the 58th embodiment; 

Fig. 242 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 58th embodiment; 

Fig. 243 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 

obtained with respect to a retardation in the 58th embodiment; 

Fig. 244 is a diagram showing a constitution of a panel of a 59th emtxxJiment: 
25 Fig. 245 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 59th embodiment: 

Fig. 246 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 59th ennbodiment; 

Fig. 247 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 

obtained with respect to a retardation in the 59th embodiment; 

F^l. 248 is a diagram showing a change of an upper limit to the optimum condition regarding contrast with respect 
30 to a retardation in the 59th embodiment: 

Fig. 249 is a diagram showing a viewing angle characteristic of a panel of the 32th embodiment; 
Fig. 250 is a diagram showing a change of an ion density when an ion absorption treatment Is applied to the pro- 
trusions: 

Figs. 251 A to 251 D are diagranns showing a process of a method of a panel of a modification in ttie 51st embodi- 
es ment; 

Figs. 252A and 252B are diagrams showing a pattern of protrusions and a sectional structure of the panel of the 
second emt>odiment; 

Fig. 253 is a diagram showing a pattern of protrusions of an another modification of the second embodiment: 
Figa 254A and 254B are diagrams showing a pattern of protrusions and a sectional structure of the panel of tiie 
40 sixteenth emkxXliment; 

FiQ. 255 Is a detailed diagram showing a distinctive portion of a modification of the tenth embodiment. 

Before proceeding to a detailed description of the preferred embodiments of ttie present invention, a prior art liquid 
crystal display device will be described to allow a clearer understanding of ttie differences between the present inven- 
45 Won and the prior art. 

Figs. 1 A and 1 B are diagrams for explaining the structure and principles of operation of a panel of the TN LCD. As 
showvn in Figs. 1 A and 1 B, an alignment film is placed on transparent electrodes 1 2 and 1 3 formed on glass substrates, 
a rubbing treatment is performed so that orientation directions of the liquid crystalline molecules on the two 8ut>strates 
are shifted by 90'' to each other, and a TN liquid aystal is sandwiched between the transparent electrodes. Due to ttie 
60 properties of ttie liquid crystal, liquid crystalline molecules in contact wHh ttie alignment films are aligned in the direc- 
tions of ttie orientation defined by ttie alignment films. The other Dquid crystalline molecules are aligned in line with ttie 
aligned molecules. Consequently, as shown in Fig. 1 A, the liquid crystalline molecules are aligned while twisted by 90"*. 
Two sheet polarizers 11 and 15 are located in parallel with the directions of ttie orientation defined by tiie alignment 
films. 

65 When light 10 ttiat is not polarized falls on a panel having the foregoing structure, the light passing through the 
sheet polarizer 1 1 becomes linearly-polarized light and enters the liquid crystal. Since the liquid crystalline molecules 
are afigned while twisted 90''. tiie incident light is passed while twisted SO''. The light can therefore pass through ttie 
lower sheet polarizer 15. TTiis state is a bright state. 
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Next as shown in Fig. 1 B, when a voltage is applied to the electrodes 1 2 and 1 3 and thus applied to the liquid crys- 
talline molecules, the lic|uid crystalline molecules erect themselves to untwist However, on the surfaces of the align- 
ment films, since an orientation control force is stronger, the orientation of the liquid crystal remains notched with the 
orientation defined by the alignment f Oms. In this slate, the liquid crystalline molecules are isotropic relative to passing 

5 light. Ttie linearly-polarized light incident on the liquid-crystal layer will therefore not turn the direction of polarization. 
The linearly-polarized light passing through the upper sheet polarizer 1 1 cannot therefore pass through the lower sheet 
polarizer 15. This brings about a daritetate. Thereafter, when a state in which no voltage is applied is resumed, display 
is returned to the bright state owing to the orientaHon control force. 

The technology of manufacturing the TN TFT LCD has outstandingly advanced In recent years. Contrast and color 

10 reproducibiirty provided by the TN TFT LCD have surpassed those offered by the CRT However, the TN LCD has a crit- 
icai drawback of a narrow viewing angle ranga This poses a problem that the applicalion of the TN LCD is limited. Rgs. 
2A to 2C are diagrams for explaining this problem. Rg. 2A shows a state of white display in which no voltage is applied, 
Fig. 2B shows a state of halftone display In which an intermediate voltage Is applied, and Fig. 2C shows a state of black 
display in which a predetermined voltage ie applied. As shown in Fig. 2A, in the atale in which no voltage is applied, 

15 iksjuid crystalline molecules are aligned in the same directksn wHh a slight Inclinatfon (about I"* Id 5% In reality, the mol- 
ecules are twisted as shown hfi Rg. 1 A. For convenience* sake, the molecules are illustrated like Rg. 2A. In this state, 
light is seen nearfy white in any azimuth. Moreover, as shown in Fig. 2C. in the state in which a voltage is applied, inter- 
mediate liquid crystalline molecules except those located near the alignment films are aUgned in a vertical direction. 
Incident lineariy-polarized light is therefore seen black but not twisted. At this time, light obliquely incident on a screen 

20 (panel) has the direction of polarization thereof twisted to some extent because it passes obliquely through the liqukJ 
crystalline molecules aligned in the vertical direction. The light is therefore seen halftone (gray) but not perfM ttock. As 
shown in Fig. 2B, in the state in which an intermediate voltage lower than the voltage applied in the state shown in Rg. 
2C is applied, the liquid crystafline molecules near the alignment films are aligned in a horizontal direction but the liqukJ 
crystalline molecules In the middle parts of cells erect themselves hallway The birefr^ent property of the liquid crystal 

28 is lost to some esctent. ms causes a transmittance to deteriorate and brings about hamone (gray) display. However, this 
refers only to light Incident perpendlcularty on the IfciuW-crystal panel. Oblk^uely incident light Is seen differently, that is, 
light is seen differently depending on whether It Is seen from the left or right side of the drawing. As illustrated, the liqukJ 
crystalline molecules are aligned mutually parallel relative to light propagating from right below to left above. The liqukf 
crystal hardly exerts a birefringent effect. Therefore, when the panel is seen from left, it is seen black. By contrast, the 

so liquid crystalline molecules are aligned vertically relative to light propagating from left below to right above. The liquM 
crystal exerts a great birefringent effect relative to Incident light, and the Incident light is twisted. This results in nearly 
white display Thus, the most critfoal drawback of the TN LCD is that the display state variee depending on the viewing 
angle. 

In an effort to solve the above problem, Japanese Examined Patent Publication (Kbkai) Nos. 53-48452 and 1- 

55 120528 have proposed an LCD adopting a mode referred to as an IPS mode. Figs. 3A to 3D are diagrams for explaining 
the IPS LCD. Fig. 3A is a skJe view of the LCD with no voltage applied. Rg. 3B is a top view thereof with no voltage 
applied, Fig. 3C is a side view thereof with a voltage applied, and Rg. 3D is a top view with a voltage applied. In the IPS 
mode, as shown in Figs. 3A to 3D, slit-lite electrodes 18 an6 19 are formed in one substrate 17, and liquki crystalline 
molecules existent in a gap between the slit-like electrodes are driven with electric fieWs induced by a transverse elec- 

40 trie wave. A material exhibiting positive dielectric anisotropy is used to make a liquid orystal 14. When no electric fiekJ 
is applied, an alignment film is ruW>ed in order to align the liquki crystalline molecules homogeneously so that the major 
axes of the liquki crystalBne molecules will be nearly paraDel to the longitudinal direction of the electrodes 18 and 19. 
In the illustrated example, the lk)uki crystalOne molecules are homogeneously aligned wHh an azimuth of 15" relathre to 
the tongitudinal direction of the slit-lilQ electrodes In order to make a direction (direction of turn), to which the orientation 

45 of the lk|ukl crystal is changed with applk»tlon of a voltage, constant. In this state, when a voltage is applied to the slit- 
like electrodes, as shown in Fig. 3C, Ikiurd crystalline molecules existent near the sliMike electrodes change their ori- 
entatton so that the major axes thereof will be turned 90° relative to the longitudinal direction of the slit-like electrodes. 
However, since the other substrate 16 is orientationally processed so that liquid crystalline molecules wifl be aligned 
witii an azimuth of IS"* relative to the longitudinal direction of the slit-like electrodes, liquki crystalline molecules near 

60 the substrate 1 6 are aligned so that the major axes thereof will be neariy parallel to the longitudinal direction of tiie elec- 
trodes 18 and 1 9. The Hquid crystalline molecules are therefore aligned while twisted from the upper substrate 16 to the 
tower substrate 17. In this kind of liquid crystal display, when the sheet polarizere 1 1 and 15 are placed on and under 
the substrates 16 and 17 respectively so that the axes of transmission thereof win be orthogonal to each other. When 
the axis of transnnssion of one sheet polarizer is made parallel to the major axes of the Ikiuid crystalline molecules. 

88 Uack display can be attained with no voltage applied, and white display can be attained with a voltage appOed. 

As mentioned above, the IPS mode Is characterized in that the liquW crystalline molecules do not erect themselves 
but turned in a transverse direction. In tiie TN ntode or the like, when the liquU crystalline molecules erect tiiemselves, 
the birefringent property of the liquid crystal varies depending on a directton of an viewing angle and a problem occurs. 
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When the liquid crystalline moleculee are turned in the transveiBe direction, the birefringent property hardly varies 
dependihg on a directioa This result in vary good viewing angle charac^eristica However, the IPS mode has another 
problems. One of the problenrs is that a response speed is quite low. The reason why the response speed is low is that 
although a gap between el»:trodes in the normal TN mode in which iquid crystalDne molecules are tumed is 5 nti<7om- 

s eters, the gap in the iP8 mode is 10 mi c r omeiefs or more. The response speed can be raised by narrowing the gap 
between the electrodes. However, since electric fields of opppsite polarities nrust be applied to the acQoining electrodes 
in the IPS mode, when the gap between the electrodes is narrowed, a short circuit occurs to Ixing about a display 
defect For this reason, the gap between the electrodes cannot be narrowed very much. Besides, when the gap 
between the electrodes is narrowed, the' ratio in area of the eleclrodes to display gels large. This poees a problem that 

10 a transmittanoe cannot be Inproved. 

As mentioned alx)ve, the IPS mode suffers from stow switching. At present, when a motion picture representing a 
fast motion Is displayed, drawbacks induding a drawback that an image streEuns take place. In an actual panel, there- 
tbre, for improving the response speed, as shown in Figs. 3B and 3D, the alignment fflm is not rubbed parallel to the 
electrodes but rubbed in a direction shifted by about 15°. For realizing horizontal alignment when an agent Is merely 

16 applied to the alignment film. Ikiuid aystalline molecutes are arrayed freely leftward or rightward and cannot be aligned 
in a predetermined direction. Rutibing is therefore earned out for rubbing the surface of the alignment film in a c^tain 
direction so that the liquid crystalline molecules will be aligned in the predetermined direction. When rubbing is carried 
out In the IPS mode, if rubbing proceeds parallel to the electrodes, liquki crystalline molecules near the center m the 
gap between the electrodes are skw to turn to the left or right with application of a voltage, and therefore stow to 

SQ respond to the application. FUsblng Is therefore, as shown in Flg& 38 and 3D, canied out in a directfon shifted by aft>out 
1 5** in order to demolish right-and-left unifbrmity. However, even when the direction of rubbing is thus ^lifted, since the 
re^nse time permitted by the IPS mode is twice longer than the one permitted Isy the TN mode, the response speed 
Is very fow. Moreover, when rutsbing is carried out in the directk3n shifted by about 1 5"*. a viewing angle characteristic of 
a panel does not become uniform t)etween the right and left sides of the panel. Qray-scale reversal occurs relative to a 

S6 specified angle of a viewing angle range. This problem will be described with reference to Figs. 4 to 6B. 

Fig. 4 is a diagram giving a definition of a cooidinate system employed in studying viewing of a Ik^uid crystal display 
(of the IPS type herein). As Htustrated, a polar angle 6 and azinujth ^ are defined in relation to eubstratee 16 and 17, 
electrodes 18 and 19, and a liquki crystalline molecule 4. Rg. 5 Is a diagram showing a gray-scale reversal character- 
istic of a panel concerning a viewing angle. A gray scale from white to black is segmented into 8 gray-scale levels. 

30 Domain areas causing gray-scale reversal when a change in luminance is examined by varying the polar angle e and 
azimuth ^ are shown In Fig. 5. In the drawing, reversal occurs at fours hatched areas. Rgs. 6A and 6B are diagrams 
showing examples of changes in luminance of display of 8 gray-scale levels in relation to the polar angle e with the azi- 
muths fixed to values of 75° and 1 35° causing reversal. White gray-scale revereal occurs at gray-scale levels associated 
with high luminances, that is, when white luminance deteriorates with an increasing value of the polar angle 6. Black 

35 gray-scale reversal occurs when black luminance increases with an increasing value of the polar angle 0. As mentfoned. 
the IPS mode has a problem that gray-scale reversal occurs in four azimuths. Furthermore, the IPS mode has a prob- 
lem that it is harder to manufacture the IPS LCD than the TN LCD. Thus, in the IPS nmle, any of the other character- 
istics such as a transmittance, a response speed and productivity, is sacrfficed for the viewing angle characteristic. 
As mentioned akxave, the IPS nuxle that has been proposed as an aitemative for solving the prot>lem on the viewing 

40 angle characteristic of the TN mode has the problem that the characteristics offered by the IPS mode other than the 
viewing angle characteristic are insufficient. A vertically-aligned (VA) mode using a vertical alignment film has been pro- 
posed. Rga 7A to 7C are diagrams for explaining the VA mode. The VA mode is a mode using a negative liquid crystal 
material and vertical €Uignment f flm. As shown in Rg, 7A, when no voltage is applied, liquid crystaltine molecules are 
aligned in a vertical direction and black display appeara. As shown in Fig. 7C, when a predetermined voltage is applied, 

46 the liquid crystaHine molecutes are aligned in a horizontal direction and white display appears. A contrast in display 
offered by the VA mode is higher than that offered by the TN mode. A response speed at black level is also higher. The 
VA mode is therefore attracting attention as a novel mode for a IkiukI crystal display. 

However, the VA mode has the same problem as the TN mode concerning halftone display, that is. a problem that 
the display state varies depending on the viewing angle. For displaying a halftone in the VA nxxJe. a voltage lower than 

60 a voltage to be applied for white display Is applied. In this case, as shown In Rg. 7B, liquid crystalline molecules are 
aligned in an oblique direction. As illustrated, the liquid crystalline molecutes are aligned parallel to light pix>pagating 
from right below point to left above. The fiquid crystal is therefore seen k>lack when viewed from the left side thereof 
because a birefringent effect is hardly exerted on the left side thereof. By contrast the liquki crystalline molecules are 
aligned vertically to light propagating from left below to right above. The liquid crystal exerts a great birefringent effect 

66 relative to inckient light, therefore, display becomes nearly white. Thus, there is the problem that the luminance varies 
depending the viewing angta The VA mode provides a much higher contrast than the TN mode and is superior to the 
TN mode in terms of a viewing angle characterislfo. because even when no voltage is applied, liquW crystalline mole- 
cules near an alignment film are aligned nearly vertically. However, the VA mode is not certainly superfor to the IPS 
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mode in terms of the viewing angle characteristic. 

It is Known that viewing angle perlbrmance of a Uqidd cryetal dieplay device (LCD) in the IN mode can be improved 
tjy eetting the orientation directions of the liquid crystalline moleculee inside i^is to a plurality of mutually different 
directiona QeneraOy, the orientation direction of the fiquid crystalline molecules (pre-tilt angles) which Imp contact with 

5 a 8ut)8trBte surface in the TN mode are restricted by the direction of a rubbing treatment applied to the alignment film. 
The rutjbing treatment is a processing which rut>s the surface of the alignment fDm in one direction by a doth such as 
rayon, and the liquid crystalline molecules are orientated in the rubtring cBrectlon. TTierefore. viewing angle performance 
can be improved by making the nMing direction different inside the pixela Figa 8A to 8C show a method of making 
the rubt>ing direction different inskle the pixels. As shown in this drawing, an alignment film 22 is formed on a glass sub- 

10 strata 1 6 (whose electrodes, etc.. are omitted from the drawing). This alignment film 22 is then kxnjght into contact with 
a rotating rubl)ing roll 201 to execute tfie rut3t>ing treatment in one directton. Next, a photo-resist is applied to the align- 
ment film 22 and a predetermined pattern is exposed and devekiped t>y photoHthography. As a result, a layer 202 of the 
photo-resist which is pattemed Is formed as shown in the drawing. Next, the alignment film 22 is brought into contact 
with a rubbing roll 201 that Is rotating to the opposite direction to the ak>ove so that only the open portions of the pattern 

16 are rubbed. In this way, a plurality of regions that are subjected to the rubbing treatment in different directions are 
formed inside the pixel, and the orientation directions of the liquid OYStal become i^lural inside the pixel. Incidentally, the 
rubk>ing treatment can be done in aribitrarily different directk>ns when the alignment film 22 is rotated relative to tlie rub- 
bing roll 201. 

Though the rubbing treatment has gained a wide application, it is the treatment that rubbs and consequently, dam- 
20 ages, the surface of the alignment film and involves the problem that dust is likely to occur. 

A mettiod wNch forms a concavo-convex pattern on an electrode is known as another method of restricting the pre- 
tilt angle of the RqukJ crystalline molecules in the TN mode. The 6quid crystalline molecules in the proximity of the elec- 
trodes are orientated along the surface having the concavo-convex pattern. 

Figs. 9A to 9C are diagrams for explaining the principles of the present Invention. According to the present inven- 
ts tion, as shown in Riga 9A to 9C, in the VA nxxte employing a conventional vertical alignment film and adopting a neg- 
ative liquid crystal as a liquid aystal material, a doimin regulating means is irKluded for regulating the orientation of a 
liquid crystal in which liquid crystalline molecules are aligned ot^llquely when a voltage is applied so that the orientation 
will include a plurafrty of directions within each pixel. In Figs. 9A to 90. as the domain regulating means, electrodes 12 
on an upper sut}strate are slitted and associated with pixels, and an electrode 13 on a lower substrate is provided with 
30 protrusions (prcjections) 20. 

As shown in Fig. 9A, in a state in which no voltage is applied, liquid crystalline molecules are aligned vertically to 
the airl^ces of the substratea When an intermecfiate voltage Is applied, as sliown in Rg. 9B, electric fielde oblkfue to 
the surfaces of the substrates are produced near the slits of the electrodes (edges of the electrodes). Moreover. llqukJ 
crystalline molecules near the protrusions 20 slightly tilt relative to their state attained with no voltage applied. The 
35 inclined surfaces of the protrusions and the oUkiue electric fields determine the directions in which the liquid crystalline 
molecules are tftted. The orientation of the liqiid crystal is divided into different directions ak>ng a plane defined t>y each 
pair of protrusions 20 and the center of each slit. At this time, for example, light transmitted from immediately below to 
immediately above is affected by weak birefringence because the IkfukI crystalline molecules are slightly tilting. Conse- 
quently, the transmisston of light Is suppressed and halftone display of gray appeara Light transmitted from rigtit ak>ove 
40 to left below is hardly transmitted k?y a region of the Ikjuid crystal in which liquki crystalline molecules are tilting leftward, 
while the light is quite readily transmitted by a regk>n thereof in which Ikfuki crystalline molecules axe tilting rightward. 
On the average, tialflone display of gray appears. Light transmitted from left beHow to right atxsve contributes to ^ay dis- 
play due to the same principles. Consequently, homogeneous display can be attained in all azimuths. Furthermore, 
when a predetermined voltage is applied, liquid crystalline molecules t>ecome nearly horizontal as shown in Rg. 90. 
46 White display appears. Thus, in all states of blad< display, halftone display, and white display, excellent di^lay with little 
dependency on a viewing angle can be attained. 

Now, Rgs. 10A and 10B are diagrams for explaining determination of an orientation by protrusions of cfielectric 
material provided on the electrodes. In the specification, tiie dielectric materials are insulating materials of low dielec- 
tric. Referring to Figs. 10A and 10B, an orientation determined by the protrusions will be discussed. 
so Protrustons are formed alternately on the electrodes 12 and 1 3, and coated wltti the vertical alignment f 0ms 22. A 
liquid crystal enployed is of a negative typa As shown in Fig. 10A, when no voltage is applied, the vertical alignment 
films 22 cause the liqukf crystalline molecules to align vertically to the surfeces of the sUbstratea In this case, rubbing 
need not be performed on the vertical alignment filma Liquid crystalline molecules near the protrusions 20 try to align 
vertically to the indined surfaces of the protrusiona The liquid aystalBne molecules near the protruaons are therefore 
66 tilted. However, when no voltage is applied, in almost all rsgions of the Ik^ukl crystal otiier than the protrusiona liquki 
crystalline molecules are aligned nearly vertically to the surfeces of the sut>strates. Consequentiy. as shown in Fig. 9A, 
excellent black display can appear. 

When a voltage is applied, the distrikjution of electric potentials in tiie Ikjuid-crystal layer is as shown in Fig. 10B. In 
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the regions of the liquid-ayetal layer without the protrusions, the distribution is parallel to the substrates (electric fields 
are vertical to the substrates). However, the distribution is inclined near the protrusions. When a voltage is applied, as 
shewn in Figs. 7B and 7D. the liquid crystalline molecules tilt according to an electric field strength. Since the electric 
fields are vertical to the substrates, when a direction of tilt is not defined by carrying out rubbing, the azimuth in which 

5 the liquid crystalline molecules tilt due to the electric fields includes all directions of 360"*. If there are pre-tilted liquid 
crystalline molecules as shown in Fig. 10A, surrounding liquid crystalline molecules are tilted in the directions of the 
pre-t'lted liquid cryet€dline molecules. Even when rubbing is not carried out, the directions in which the liquid crystalline 
molecules lying in gaps between the protrusions can be restricted to the azinmiths of the liquid crystalline molecules in 
contact with the surfaces of the protrusions. As s^own in Fig. 10B. the electric fields near the protrusions are inclined 

10 in directions in which they become parallel to the inclined surfaces of the protrusions. When a voltage is applied, the 
negative liquid crystalline molecules are tilted in directions vertical to the electric fields. TTie directions correspond to 
the directions in which the liquid crystalline molecules are pre-tilted because of the protrusions. Thus, the liquid crystal- 
line molecules are aligned on a stabler basis. The slope of the protrusions and the electric fields in the proximrty of the 
inclined surfaces of the protrusions contribute to stable alignment. Furthermore, when a higher voltage is applied, the 

r5 liquid crystalline molecules become nearly parallel to the substrates. 

As mentioned above, the protrusions fill the role of a trigger for determining azimuths in which the liquid crystalline 
molecules are aligned with application of a voltage. The protrusions need not have inclined surfaces (slopes) of large 
area. For example, the inclined surf&ces over the whole pixel are unnecessary. However, if the size of the inclined sur- 
feces is too small, the effect of the slope and electric field are not available. Therefore, the width of the inclined surfaces 

20 are required to be determined according to the materials and shape of the protrusions. Because a good result is 
obtained when the width of the protrusions is 5 ^m. This means that when the width of the protrusions is larger than 5 
^m, a good result can be certainly obtained. With small inclined surfaces, when no voltage is applied, the liquid crystal- 
line molecules in almost all the regions of the liquid-crystal layer except the protrusions are aligned vertically to the sur- 
faces of the substrates. This results in nearly perfect black display. Thus, a contrast ratio can be improved. 

26 When the sections of the protrusions are rectangular, the side surfaces are al most vertical to the substrates. These 
side surfaces also operate as the domain regulating means. Therefore, the surfaces vertical to the suk>strates are 
included in the inclined surfaces. 

The tilting direction of the orientation of the liquid crystal is decided by domain regulating means. Fig. 1 1 shows the 
orientation direction when protrusions are used as the domain regulating means. Fig. 1 1 A shows a bahk having two 

30 Slopes and the liquid crystalline molecules are oriented in two directions different from each other at an angle of 180 
degrees with the bank being the boundary. Fig. 1 1 B shows a pyramid and the liquid aystalllne molecules are oriented 
in four directions different from one another at an angle of 90 degrees with the apex of the pyramid being the boundary 
Fig. 1 1 C shows a hemisphere and the orientation of the liquid crystalline molecules assumes symmetry of rotation with 
the axis of the hemisphere perpendicular to the substrate being the center. In the case of Fig. 1 1C, the display state 

35 becomes the same for all the viewing angles. However, it cannot be said that a larger number of domains or directions 
is better. When the relationship to the direction of polarization offered by a sheet polarizer is taken into account, if the 
oblique orientation of the liquid crystal becomes rotationally symmetrical, there arises a problem that light use efficiency 
deteriorates. This is because when domains in the liquid crystal are defined uninterruptedly and radially, liquid crystal- 
line molecules lying along a transmission axis and abeorption axis of the sheet polarizer work inefficiently, and Ik^uid 

40 crystalline molecules lying in directions of AS'' with respect to the axes work most efficiently For improving the light use 
efficiency, the directions included in the oblique orientation of the liquid aystal are mainly four directions or less. When 
there are four directions, they shouW preferat>ly be directions in which ligtit components to be projected on the display 
surface of the liquid crystal display propagate with azimuths mutually different in increments of SO"". In this case, the 
ratio in number of liquid crystalline molecules aligned in directions in which light components to be projected on the dis- 

46 play surface propagate with azimuth mutually different by 180'' should preferably be nearly even. Out of two sets of liq- 
ukl crystalline molecules aligned in the directions in which the light components to be projected on the display surface 
propagate with azimuths mutually diff ererrt by 1 80°, the ratio in number of aligned liquid crystalli ne molecules of one set 
is nearly even, while the ratio in number of aligned liquid aystalllne molecules of the other set is uneven. The set of 
aligned fiqukf crystalline molecules of which ratio in number is nearly even is a meiority, and the set of aligned Oquid 

60 crystalline molecules of which ratio In number is uneven may be negligible. In other words, a characteristic analogous 
to that exhibited when two domains are defined in 180° different directions can t>e realized. 

In Figs. 9A to 90. for realizing the domain regulating means, the electrodes 12 on the upper substrate are slitted 
and associated with pixels, and the electrode 13 on the lower substrate is provided with the protrusions 20. Any other 
means will also do. Figs. 12A to 12C are diagrams showing examples of realizing the donnain regulating means. Fig. 

55 1 2A shows an example of realizing it by devising the shapes of the electrodes. Fig. 128 shows an exanple of devising 
the contours of the surfaces of the substrates, and Fig. 1 20 shows an example of devising the shapes of the electrodes 
and the contours of the surfaces of the substrates. In any of the examples, the orientations shown in Fig. 6 can be 
attained. However, the structures of liquki crystals are a bit different from one another. 
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In Fig. 12A, ITO electrodes 41 and 42 on both substrates or one of the substrates are slitted. The surfaces of the 
substrates are processed for vertical alignment and a negative liquid crystal is sealed in. When no voltage is applied, 
liquid crystalline molecules are aligned vertically to the surtees off the substrates. When a voltage is applied, electric 
fields are generated obliquely to the surlaces of the sitetrates near the slits (edges) of the electrodes. With the oblique 

5 electric fields, the directions in which liquid crystalline molecules are tilted are determined. The orientation of the liquid 
crystal is divided as illustrated into right and left directions. In this example, the oblique electric fields induced near the 
edges of the electrodes are used to align the liquid crystalline molecules rightward and leftward. TTiis technique shall 
therefore be referred to as an oblique electric field technique. 

In Rg. 1 2B, protrusions 20 are formed on both the substrates. Lilce the structure shown in Fig. 1 2A, the eurftoes of 

10 the substrates are processed for vertical alignment, and a negative liquid crystal is sealed in. When no voltage is 
applied, the liquid crystalline molecules are aligned vertically to the surfaces of the substrates in principles. On the 
inclined surfaces of the protrusions, ho^Arever, the liquid crystalline nfK>lecule8 are aligned at a little tilt. When a voltage 
is applied, the liquid crystalline molecules are aligned in the directions of tilt. Moreover, when an Insulating material with 
low dielectric constant is used to form the protrusions, the electric fields are interrupted (state close to the state attained 

16 by the oblique electric field technique, the same state as the state attained by the structure having the electrodes slit* 
ted). More stable orientation division can be achieved. This technique shall be referred to as a both-side protrusion 
technique. 

f^g. 12C shows an example of combining the techniques shewn in Rgs. 1 2A and 12B. The description will be omit- 
ted. 

20 Three examples of realizing the domain regulating means have been presented. Moreover, various modifications 
can be devised. For example, the portions of the electrodes formed as the slits in Fig. 1 2 A may be dented, and the dents 
may be provided with inclined suriaces. Instead of making the protrusions in Fig. 12B using an insulating material, pro- 
trusions may be formed on the suk>8trates, and ITO electrodes may be formed on the substrates and protrusions. Thus, 
the electrodes having the protrusions may be realized. Even this structure can regulate the orientation of the liquid crys- 

26 tal. Moreover, dents may k>e substituted for the protrusions. Furthermore, any of the described domain regulating 
means may be formed on one of the 8Uk>strales. When domain regulating means are formed on both the substrates, 
any pair of domain regulating means can be employed. Moreover, although the protrusions or dents should preferably 
be designed to have inclined surfaces, the protrusions or dents having vertical surfoces can also ei^rt an effect of a 
certain level. 

30 When the protrusions are formed, during black display, parts of the liquid crystal lying in the gaps tietween the pro- 
trusions are seen black, but light leaks out through parts thereof near the protrusions. This kind of partial difference in 
display is microscopic and indiscernible by naked eyes. The whole display exhibits averaged display intensity. The den- 
sity for t>lackdi^lay deteriorates a bit, whereby contrast deteriorates. When the protrusions are made of a material not 
allowing passage of visible light, contrast can be further improved. 

35 When a domain regulating means is formed on one substrate or both substrates, protrusions, dents, or slits can be 
formed like a unidirectional lattice with a predetermined pitch among them. In this case, when the protrusions, dents, or 
slits are a plurality of protrusions, dents, or slits bent at intervals of a predetermined cyde, orientation diviston can be 
achieved more stably Moreover, when the protrusions, dents, or slits are located on both substrates, they should pref- 
erably be arranged to be offset by a half pitch. 

40 In the constitution disclosed in Japanese Unexamined f^tent Publication (Kokai) Mo. 6-301036, apertures (slits) 
are provkied on only the counter (CF) substrate. Therefore, the size of domain areas cannot be too small. Contrarily, 
according to the present invention, the size of domain areas can be optionally determined because the domain regulat- 
ing means are provided on both of the pixel electrode and counter electrode. Further, at least one of the domain regu- 
lating means has inclined surfaces, the response speed can be improved. 

46 On one of two upper and lower substrates, protrusions or dents may be formed like a two-dimensional lattice. On 
the other substrate, protrusions or dents may be arranged to be opposed to the centers of squares of the two-dimen- 
sional lattica 

In any case, it is required that orientation division occurs witliin each pixel. The pitch of the protrusions, dents, or 
slits must be smaller than that of pixete. 

60 The results of examining the characteristics of an LCD In which the present Invention Is implemented demonstrate 
that a viewing angle characteristic is quite excellent and equal to or greater than those of not only a TN LCD but also 
an IPS LCD. Even when the LCD is viewed from its front side, tfie viewing angle characteristic is quite excellent, and 
the contrast ratio is 400 or more (twice as high as that offered by the TN LCD). The transmittance offered by tiie TN 
LCD is 30 %. the one offered by the IPS LCD is 20 %. and the one offered by the present invention is 25 %. The trans- 

55 mittance offered by the present invention is lower tiian the one offered by the TN LCD but higher than the one offered 
by the IPS LCD. A response speed is outstandingly higher than those offered by the other modes. For example, as 
as equivalent panels €U'e ooncerned, a TN LCD panel exhibits an on speed (for transition from 0 V to 5 V) of 23 ms. an 
off speed (for transition from 5 V to 0 V) of 21 ms. and a response speed (on 4- ofQ of 44 ms, while an IPS LCD panel 
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exhbitG an on speed of 42 ms, an off speed of 22 ms. and a response speed of 64 ms. According to the mode of the 
present invention, the on speed is 9 ms. the off speed is 6 ms. and the response speed is 15 ms. TTius, the response 
speed is 2.8 times higher than the one offered tiy the TN mode and 4 times higher than the one offered by the IPS 
mode, and is a speed causing no problem in display of a motion picture. 

5 Furthermore, in the mode of the present invention, when no voltage is applied, vertical alignment is achieved. When 
a voltage is applied, protrusions, dents, or oblique electric fields determine directions in which liquid crystalline mole- 
cules tilt. Unlike the ordinary TN or IPS mode, rubbing need not be candied out. In the process of manufacturing a panel, 
a rubbing step is a step likely to produce the largest amount of refuee. After the completion of rubbing, substrates must 
be cleaned (with running water or IPA) without fafl. The cleaning may damage an alignment film, causing imperfect 

10 alignment. By contrast, according to the present invention, since the rubbing step is unnecessary, the step of cleaning 
sut)strates is unnecessary 

Fig. 1 3 is a diagram showing the overall configuration of a liquid crystal panel of the first embodiment of the present 
Invention. As shown In Fig. 13, the liquid crystal panel of the first embodiment Is a TFT LCD. A common electrode 12 is 
formed on one glass substrate 1 6. TTie other glass substrate 17 is provkied with a plurality of scan bus lines 31 formed 

16 parallel to one another, a plurality of data bus lines 32 formed parallel to one another vertically to the scan bus lines, 
and TFTs 33 and cell electrodes 13 formed like a ratrix at intersections between the scan bus lines and data bus lines. 
The surfaces of the substrates are processed for vertical alignment. A negative liquid crystal is sealed in between the 
two substrates. The glass substrate 16 is referred to as a color filter (CP) substrate because color filters are formed, 
while the glass substrate 1 7 is referred to as a TFT substrate. The details of the TFT LCD will be omitted. Now. the 

20 Shapes of the electrodes which are constituent futures of the present Invention will be described. 

Figs. 14A and 1 4B are diagrams showing the structure of a panel in accordance with the first embodiment of the 
present Invention. Fig. 14A Is a diagram illustratively showing a state in which the panel is seen obliquely, and Fig. 14B 
is a side view of the panel. Fig. 15 is a diagram showing the relationship between a pattern of protrusions and pixels in 
the first emt^odlmerrt, Rg. 1 6 is a diagram showing the pattern of protrusions outside a display area of a Iteiuid crystal 

26 panel of the first embodiment, and Fig. 1 7 is a sectional view of the lk:|uid crystal panel of the first embodiment. 

As shown in Fig. 17, a black matrix layer 34, an ITO film 12 provkJIng color filters and a common electrode, and 
protrusions 20 parallel to one another with an equal pitch among them are formed on the surface of a side of a CF sub- 
strate 16 facing a Ikiuki crystal. Ihe ITO film and protrusions are coated with a vertical allgnm^ film that is omitted 
therein. Qate electrodes 31 forming gate bus lines. CS electrodes 35. insulating films 40 and 43, electrodes forming 

30 data bus lines, an ITO film 13 provkling pixel electrodes, and protrustons parallel to one another with an equal pitch 
among them are fbrmed on the surface of a side of a TFT substrate 17 facing the Ik^uid crystal. The TFT substrate Is 
further coated with a vertical alignment film, though the vertical alignment film is omitted from the figure. Reference 
numerals 41 and 42 denote a source and drain of a TFT. In this emtxxJiment, protrusions 20 A and 20B are made of a 
TFT flattening material (positive resist). 

35 As shown in Fig. 14A. the pattern of the protrusions 20A and 20B is a pattern of parallel protrusions extending 
straightly and arranged with an equal pitch among them. The protrusions 20A and 20B are arranged to be offset by a 
haH pitch. The structure shown in Fig. 1 48 is thus realized. As mentioned in conjunction with Fig. 9B, the orientation of 
the Ikiuid crystal is divkHed into two directions to thus divide each domain ^to two regions. 

TTie relationship of the pattern of protrueloneto pixels is shown in Fig. 15. As shown in Rg. 15, In a general color- 

40 display liquid crystal display, three pixels of red. green, and blue constitute one color pixel. The width of each of the red, 
green, and blue pixels is approximately one-third of the length thereof so that color pixels can be anrayed with the same 
gap kept above and below them. A pixel defines each pixel electrode. Among arrayed pixel electrodes, gate bus lines 
(hidden t>ehlnd the protrusions 20B) are laid down sideways, and data bus lines 32 are laid down lengthwise. The TFTs 
33 are located near intersections between the gate t>us lines 31 and data bus lines 32, whereby the pixel electrodes are 

46 interconnected. Opposed to the gate tsus lines 31 , data bus lines 32. and TFTs 33 included in the respective pixel elec- 
trodes 13 are black matrices 34 for intercepting light. Reference numeral 35 denotes CS electrodes used to provkie a 
storage capacitor for stabilizing display are placed. Since tie CS electrodes are light-interceptive. the CS-electrode por- 
tions of the pixel electrodes 13 do not work as pixels. Consequently, each pixel is divkJed into an upper part 13A and 
lower part 138. 

60 In each of the pixels 13A and 138, three protrusions 20A are lyfrig and tour protrusions 208 are lying. Three first 
regions each having the protrusions 20B on tiie upper sMe of the panel and the protrusions 20A on the lower skJe 
thereof, and three second regions each having tiie protrusions 20A on the upper side thereof and the protrusions 20B 
on tfie lower side thereof are defined in one pixel composed of the pixels 13A and 13B. In the pixel composed of the 
pixels 13A and 13B. a total of six regions of tiie first and second regions are defined. 

55 As shown in Fig. 1 6, on the margin of the liquid aystal panel, ttie pattern of ttie protrusions 20A and 20B is extend- 
ing outskte topmost pixels and beyond rightmost pixels. This is Intended to allow orientation division to occur in the out- 
ermost pixels in tiie same manner as that in tiie inner pixels. 

Figs. 18Aand 188 are diagrams showing tiie position of a Ikiuid-crystal injectton port of tfie liqukJ crystal panel 100 
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of the first embodiment through which a liquid crystal ie Nected. As described later, in the process of assembling com- 
ponents to produce a liquid-crystal panel, alter the CF substrate and TFT substrate are bonded to each other, a liquid 
crystal is injected. As far as a VA type TFT LCD Is concerned. It takes much time to Inject a liquid crystal compared with 
the TN LCD in general. Since protrusions are formed, it takes much more time to inject a liquid crystal. For shortening 

5 the time required for injecting the liquid crystal, as shewn in Fig. 1 8A. a liqiid-crystal injection port 102 should preferably 
be formed on a side vertical to the direction in which the protrusions are arrayed parallel to one another on a cyclic 
basis. Reference numeral 101 denotes a sealing line. 

During injection of a liquid crystal, when the interior of the panel is deaerated through exhaust ports 103 formed at 
another poertione, the internal pressure decreases. Thie makes It easy to inject a liquid crystal. The exhaust ports 

10 should, as shown in Fig. 18B. be located on a side opposite to the side on which the injection port is located. 

Fig. 19 shows contours of protrusions in a prototype defined by performing measurement using a tracer type coat- 
ing thickness meter. As illustrated, the gap between the ITO electrodes 1 2 and 1 3 formed on the substrates is restricted 
to 3.5 micrometers by means of spacers 45. The protrusions 20 A and 20B have a height of 1 .5 micrometers and a width 
of 5 micrometers. A pair of upper and lower protrusions 20A and 20B are spaced by 15 micrometers. This means that 

15 a spacing between adjoining protrusions formed on the same ITO electrodes is 35 micrometers. 

After an intermediate voltage is applied to the panel of the second embodiment, the interior of the panel is observed 
using a microscope. The observation has revealed that very stable alignment is attained. 

Furthermore, in the panel of the first emtxxliment a response speed has quite improved. Rgs. 20A to 21 are dia- 
grams indicating a changing value off the response speed permitted by the panel of the first embodiment in relation to 

20 changes In parameters that are an applied voRage and a pacing (gap} between upper and lower protrusions. Fig. 20A 
indicates an on speed (for transition from 0 to 5 V). Fig. 20B indicates an off speed (for transition from 5 to 0 V)> and 
Fig. 21 indicates a switching speed that is a sum of the on speed and off speed. As shown in Figs. 20A to 21 . a fat) time 
off is hardly dependent on the spacing but a rise time on varies greatly. The smaller the spacing is, the higher the 
response speed becomes. IncKlentally. the thickness of cells is 3.5 micrometers. The practical value of the spacing var- 

25 ies slightly depending the thickness of cells. That is to say, when the thickness of cells is small, the spacing is widened. 
When the thickness of cells gets larger, the spacing Is narrowed. It has been actually confirmed that as far as the spac- 
ing is alxxjt 100 times larger than the thickness of cells, liquki crystalline molecules are aligned properly 

In any case, the panel of the first embodiment permits the satisfactory switching speed. For example, when the 
spacing between protrustons is 15 micrometers and the thickness of cells is 3.5 miaometers. the response speed for 

30 transitk>n between 0 and 5 V, that is, the on time on is 9 ms. the off time off is 6 ms, and the switching speed 15 ms. 
Thus, very fast switching can be achieved. 

Figs. 22 to 24B are diagrams showing the viewing angle characteristic of the panel of the first emtxxliment. Fig. 22 
two-dimensionally shows a change in contrast dependent on a viewing angle, and Figs. 23A to 24B show changes in 
display luminance levels corresponding to 6 gray-scale levels in relation to viewing angles. Rg. 23A shows a change 

35 occurring at an azimuth of 90"*, Fig. 23B shows a change occurring at an azimuth of 45°, and Fig. 23C shows a change 
occurring at an azimuth of 0**. Fig. 24A shows a change occurring at an azimuth of -45^. and Fig. 24B shows a change 
occurring at an azimuth of -90''. Hatched parts of Fig. 22 indicate areas in wvhich a contrast is 10 or less, and dout}le- 
hatched pculs thereof indicate areas in which the contrast is 5 or less. As illustrated, a generally good characteristk^ is 
exhit)ited. However, since each pixel is dIvkJed vertically Into two region, the characteristic is not a perfectly laterally and 

40 vertically uniform characteristic unlike the one provided by the first embodiment. Deterioration of contrast in a vertical 
direction is little larger than that in a lateral direction. The deterioration of contrast in the lateral direction is smaller than 
that in the vertical direction. However, as shown in Fig. 23C. gray-scale reversal of black occurs at a viewing angle of 
about 30". Sheet polarizers are bonded in such a way that the absorption axes thereof will lie at 45° and 135° respec- 
tively with respect to an optical axis. The viewing angle characteristic to be exhibited when the panel is viewed in an 

45 ot)llque direction is very good. The characteristics offered by this embodiment are ovenvhelmingly superior to those 
offered by the TN mode. However, this embodiment is slightiy inferior to the IPS nrxxie in terms of viewing angle char- 
acteristic. However, once one phase-difference film or optical compensation film is placed on the panel of tiie first 
embodiment, the viewing angle characteristic of the panel can be improved so greatly that it overwhelms the one offered 
by the IPS mode. Rgs. 25 to 260 are diagrams showing a viewing angle characteristic to be exhibited by the panel of 

50 the first embodiment having the phase-dlff^ence film, and correspond to Figs. 22 to 23C. As illustrated, deterioration 
of contrast depending on a viewing angle has been drastically overcome. Moreover, gray-scale reversal occurring in a 
lateral direction on the panel has been overcome. On tiie contrary, gray-scale reversal occurs in a vertical direction dur- 
ing white display However, generally, gray-scale reversal in white di^lay is hardly visble to human eyes and is there- 
fore not counted as a problem in ternrts of display quality. Thus, once the phase-difference film is employed, better 

65 characteristics than those offered by the IPS mode can t>e exhibited in all aspects including a viewing angle character- 
istic, response speed, and manufacturing difficulty. 

An attempt was made to discuss optimal conditions by creating various variatk>ns of the structure of the first 
embodiment or modifying parameters other than the foregoing ones. In the case of protrusions, when tiie panel is dis- 
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played in blacK light leaks out near the protrusions. Fig. 27 is a diagram for explaining occurrence of light leakage near 
the protrusions. As illustrated, light incident vertically on portions of the electrodes 13 on the lower sutjstrate on which 
the protrusions 20 are formed is transmitted to some extent k>ecause liquid crystalline molecules are as illustrated 
aligned oblkiuely along the inclined surfaces of the protrusions 20. This results in halftone display. By contrast liquid 

5 crystalline molecules near the apices of the protrusions are aligned in a vertical direction. No light therefore leaks out 
near the apices. The same applies to the electrode 12 on the upper substrate. During black display, near the protru- 
sions, halftone display and black display are carried out partially. This partial difference in display is n^croscopio and 
discernible to naked eyes. The whole display exhibits averaged display intensity. The black display deteriorates a bit, 
whereby contrast deteriorates. The protrusions are therefore made of a material not allowing passage of visible light. 

10 namely, made of material shielding visible light, whereby contrast improves. Even in the second embodiment, when the 
protrusk>ns are made of a material shieMing visible Gght. contrast can be further improved. 

A change in response speed occurring when the spacing between protrusions is varied has been described in con- 
junction with Figs. 20A to 21 . A change in characteristic deriving from a change in height of protrusions was measured. 
The width of a photo-resist to be applied for realizing protrusions and the spacing between protrusions were 7.5 

15 micrometers and 15 micrometers respectively, and the thickness of cells was approximately 3.5 micrometers. The 
height of the resist was set to 1 .537 jim. 1 .600 nm. 2.3099 jim, and 2.4486 jim. The transmrttance and contrast ratio of 
a prototype were measured. The results of the measurement are shown in Figs. 28 and 29. A change in transmittance 
dependent on the height of the protrustons (resisO occurring in a white state (when 5 V is applied) is shown in Rg. 30. 
A change in transmittance dependent on the height of the protrusions (resist) occurring in a black state (when no volt- 

20 age is applied) is shown in Rg. 31 . A change in contrast ratio dependent on the height of the protrusions (resist) is 
shown in Fig. 32. The higher the resist is, the higher the transmittance in the white state (when a voltage is applied) 
becomes. This is presumably attributable to the fact that the protrusions (resist) filling a supplementary role for tilting 
liquid crystalline molecules are large enough to turn down the liquid crystalline molecules in tenms of both of figures and 
electrical effects. TTie transmittance (light leakage) in the black state (when no voltage is applied) increases with an 

2S increase in height of the resist. This causes black levels to fall and is therelbre not very pr6ferak>le. The causes of light 
leakage will be described in conjunction with Fig. 27. Liquid crystalline molecules lying immediately above the protru* 
sione (resist) and in the spacings between the protrusions are aligned vertically to the surfeces of the substrates. Light 
leakage does not occur in these places. However, liquid crystalline molecules lying on the slopes off the protrusions are 
aligned slightly obliquely. As the protrusions get higher, the area of the slopes increases and a light leakage increases. 

30 The contrast (white luminance level / black luminance level) deaeases as the resist gets higher. However, even 
when the height of the resist is increased to have the same value as the thickness of cells, screen display can be 
achieved without any problem. In this case, as desaibed later, the protrusions (resist) can be designed to fill the role of 
panel spacers. 

Based on the above results, prototypes of liquid crystal displays of size 15 were produced using TFT substrates 

35 and CF substrates having protrusions of 0.7 micrometers. 1.1 micrometers, 1.5 micrometers, and 2.0 micrometers in 
heigtit. The trend revealed by the results of the experiment was also observed in the actually-produced iKiuid crystal 
panels. For actual viewing, because the contrast has been originally high, deteriorations in contrast occurring in the 
panels produced under the different oondittons were of a good level. Thus, satistactory display was achieved. This is 
presumably because the panels originally permitted high contrasts and a little decrease in contrast was indiscernible to 

40 human eyes. Moreover, a panel including protrusions of 0.7 micrometers high was also produced in an effort to detect 
the lower limit of the height of the protrusions working on molecular alignment. Display was perfectly normal. Conse- 
quently, even when the height of the protrusions (resist) is as small as 0.7 micrometers or less, the protrusions can sat- 
isfactorily work on alignment of liquid crystalline molecules. 

Fig. 33 is a diagram showing a pattern of protrusions in the second embodiment. As shown in Fig. 15, in the first 

46 embodiment, protrusione are linear and extending in a direction vertical to the longer sides of pixels. In the second 
embodiment, protrusions are extending in a direction vertical to the shorter sides of pixels 9. The other components of 
the second embodiment are identical to those of the first enrixxliment. 

Figs. 252A and 252B show a modificatk)n of the second embodiment wherein Fig. 252A shows a protrusion pat- 
tern and Fig. 252B is a sectional view showing the arrangement of the protrusion arrangement. In this nrxxJification, the 

60 protrusion 20A disposed on the electrode 12 on the side of the CF substrate 16 is extended in such a tashion as to pass 
through the center of the pixel 9 and to extend in a direction perpendicular to the minor sMe of the pixel 9. No protrusion 
is disposed on the side of the TFT substrate 17. Therefore, the Ikiuk:! crystal is oriented in two directions inskle each 
pixel. As shown in Fig. 2528, the domain is divided by the protrusion 20A at the center of the pixel. Since the edge of 
the pixel electrode serves as the domain regulating means around the pixel electrode 1 3. tiie orientation can be divided 

55 stably. In this modificatton, only one protrusion is disposed for each pixel and the distance between the protrusion 20A 
and the edge of the pixel electrode 13 is great. Therefore, the response speed becomes lower than In the second 
embodiment but the production process becomes simpler beccujse the protrusion is disposed on only one of the skies 
of the substrate. Further, because the oocui^ng area of the protrusk>n inskto the pixel is small, display luminance can 
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be improved. 

Fig. 253 shows a protrusion pattern of another modification off the second embodinnent. The protrusion 20A dis- 
posed on the electrode 1 2 on the side of the CF substrate 1 6 is positioned at the center of the pixel 9, and no protrusion 
Is disposed on the side of the TFT substrate 1 7. The protrusion 20A is a pyramid, for example. Therefore, the liquid crys- 

5 tai is oriented in four directions inside each pixel. This modification can ol^tain the same effect as that of the modification 
shown in Fig. 255 and because the occupying area of the protrusion inside the pixel is further smaller, display lumi- 
nance can be all the more improved. 

In the first and second embodiments, numerous linear protrusions extending unidirectionally are located parallel to 
one another. Orientation division caused by the protrusions divides each domain mainly Into two regions. Azimuths with 

10 which liquid crystalline molecules in two regions are aligned differ from each other by 180**. The viewing angle charac- 
teristic for a halftone exhibited relative to light components propagating inside a panel with azimuths including an azi- 
muth corresponding to a direction in which liquid crystalline molecules are aligned vertically to the substrates will be 
improved as shown In Figs. 9A to 9C. As lor the viewing angle characteristic exhibited relative to light components prop- 
agating vertically to the light components, the problem described in conjunction with Figs. 7A to 7C occurs. For this rea- 

16 son, orientation division should preferably be division of the orientation into four directions. 

Fig. 34 is a diagram showing a pattern cf protrusions in the third embodiment. As shown in Rg. 34, in the third 
embodiment, a pattern of protrusions extending lengthwise and a pattern of protrusions extending sideways are created 
wittiln each pixel 9. Herein, the pattern of protrusions extending lengthwise Is created In the upper half of one pixel, and 
the pattern of protrusions extending sideways is created in the lower half thereof. In this case, the pattern of protrusions 

20 extending lengthwise divides the orientation of the liquid crystal sideways Into azimuths that are mutually different by 
180°. that is. divides each pixel or domain sideways into two regions. The pattern of protrusions extending sideways 
divides the orientation of the liquid crystal lengthwise into azimuths that are mutually different by 180"", that is, divides 
each pixel or domain lengthwise into two regions. Consequently, the ori&itation of the liquid crystal within one pixel 9 is 
divided into four directions. Talking of the whole liquid crystal panel, the viewing angle characteristics thereof relative to 

26 both the vertical direction and lateral direction are improved. In the third entbodiment, the components other than the 
pattern of protrusions are identical to those of the first emtxxllment. 

Fig. 35 is a diagram showing a modification of the pattern of protrusions of the third embodiment. This modification 
is different from the third erTt)odiment shown in Fig. 34 in a point that a pattern of protrusions extending lengthwise is 
created in the left-half of each pixel, and a pattern of protrusions extending sideways is created in the right half thereof. 

30 Even In this case, like the patterns of protrusions shown in Rg. 34, the orientation of the Ik^uid crystal is divided into four 
directions within each pixel 9. The viewing angle characteristics of the panel relative to both the vertical direction and 
lateral direction are improved. 

The first to third embodiments use protrusions as a domain regulating means for realizing orientation division. As 
shown in Fig. 36, the alignment of Ik^uid crystalline molecules near the apices of the protrusions is not regulated at all. 

36 Near the apices of the protrusions, the alignment of liquid crystalline molecules is therefore not controlled to deteriorate 
display quality. The fourth emtxxiiment is an example for solving this kind of problem. 

Figs. 37A and 37B are diagrams showing the shapes of protrusions in the fourth embodiment. The other compo- 
nents are identical to those off the first to third embodiments. In the fourth embodiment, as shown in Fig. 37A, the pro- 
trusions 20 are partly tapered. The length of the taper portions Is about 50 micrometers or less than it. For creating a 

40 pattern of this kind of protrusions, the pattern is drawn using a positive resist, and the protrusions and taper portions 
are created by performing slight etching. With the thus created protrusions, the alignment off liquid aystalline molecules 
near the apices of the protrusions can be controlled. 

Moreover, in a modification of the fburth embodiment, as shown in Fig. 37B, tapered juts 46 are fonmed on each 
protrusion 20. Even in this case, the length of each tapered portton is about 50 micrometers or less than it. For creating 

46 a pattern of this kind of protrusions, the pattern is drav^ using a positive resist, and the protrusions 20 are created by 
performing slight etching. A positive resist whose thickness is about a half of the height of the protrusions is applied, 
and the tapered juts 46 on the protrusions 2 are left intact by performing slight etching. With the juts, the afignment of 
liquid crystalline molecules near the apices of the juts can be oorrtrolled. 

Figs. 38A and 38B are diagrams fihowing the structure of a panel in the frflh embodiment Fig. 38A is a diagram 

so Illustratively showing a state in which the panel is seen obliquely, and Fig. 38B Is a side view. The fifth embodiment is 
an example in vttiich the structure of a panel corresponds to the structure shown in Fig. 12C. The protrusions 20A are 
created as illustrated on the electrode 12 (herein, a common electrode) formed on the surface of one substrate by 
applying a positive resist, and the slits 21 are created in the electrodes 1 3 (herein, cell (pixel) electrodes) formed on the 
surface ol the other substrate. 

65 Cost serves as an important factor for determining whether a liquid crystal display device could k>ecome commer- 
cially successful or not. The liquid crystal display device of the VA system and, particularly, the VA system equipped with 
a domain regulating means features a high display quality as described above but becomes expensive due to the pro- 
vision of the domain regulating means and, herwe, H has been desired to further decrease the oost 
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When the protrusion is formed on the electrode, the photoresist that is applied must be exposed to light through a 
pattern followed by developing and etching, requiring an increased ruimber of steps and increased cost, deteriorating 
the yield. On the other hand, the pixel electrode must be formed tiy patterning, and the number of the steps does not 
increase despite a pixel electrode having a silt Is formed. On the side of the TFT substrate, therefore, the cost can be 

5 decreased when the domain regulating means is formed by slits rather than protrusions. On the other hand, the oppos- 
ing electrode of the color filter suk^strate (CF substrate) is usually a flat electrode. When a slit is to be formed in the 
opposing electrode, an etching step must be executed after the patterned photoresist is developed. When the protru- 
ston is to be formed on the opposing electrode, however, the developed photoresist can be used in its form without 
much driving up the cost of forming the protrusion. Like in the liquid crystal di^lay device of the first embodiment of the 

10 present invention, therefore, the domain regulating means on the side of the TFT substrate is formed by a slit in the pixel 
dectrode and the domain regulating nneans on the side of the color filter substrate is formed by a protrusion, driving up 
the cost little. 

Fig. 39 is a diagram showring a pattern of slits of each pixel electrode in a nvxiif ication of the fifth embodiment. This 
modification corresponds to an example in which the protrusions 20B are replaced with the slits 21 in the third emt>od- 
16 Iment. 

When a sGt is formed in the pixel electrode to divide it into a plurality of partial electrodes, the same signal voltage 
must be applied to these partial electrodes, and electric connection portions must be provided to connect the partial 
electrodes together. When the electric connection portions are formed on the same layer as the pixel electrodes, orien- 
tation of liquid crystals is disturbed in the electric connection portions impairing viewing angle characteristfes, lumi- 

20 nance of the panel and response speed. 

According to this as shown in Fig. 39, therefore, the electric connection portions are formed in the perimeter of the 
pixel electrode 13 and are shielded by the black matrices (BM) 34 to ot>tain luminance and response speed comparat>le 
with those of when protrusions are formed on both of them. In this embodiment in which the CS electrode 35 having 
light-shielding property is provided at the central portion of the pixel, the pixel is divided into upper and lower two por- 

26 tions. Reference numeral 34A denotes an opening of the upper side defined by BM, and 34B denotes an opening of the 
lower side defined by BM, and light passes through the inside of the openings. 

The bus lines such as gate bus lines 31 and data t>us lines 32 are made of a metal material and have Ught-shiekiing 
property. To obtain stable display, the pixel electrodes must be so formed as will not be superposed on the bus lines, 
and liofit must be shiekJed between the pixel electrodes and the bus lines. Furthermore, when amorphous silicon is 

30 used as operation semiconductor, the element characteristics undergo a change upon the incUenoe of light giving rise 
to the occurrence of erroneous operation. Therefore, the TFT portions must be shiekJed from light Therefore, the BM 
34 has heretofore been provided for shielding light for these portions. According to this emkKXliment, the electric con- 
nection portions are provided in the perimeter of the pixel, and light is shielded by the BM 34. There is no need to newly 
provkie the BM for shielding light for the electric connection portions: i.e., the conventional BM may be used or the BM 

35 may be slightly expanded without decreasing the numerical aperture to a serious degree. 

The panel of the fifth embodiment is of a type in which each pixel is divided into two portions, and therefore t>asi- 
cally exhibits the same characteristics as the one of the first entoodiment. The viewing angle characteristic of the panel 
becomes kJentical to that of the panel of the second embodiment when the phase-difference film or optical compensa- 
tion film is employed. TTte response speed of the panel is slightly lower than that of the panel of the first embodiment, 

40 because oblque electric fields induced by the slits formed in one 6uk>strates arc utilized. Nevertheless, the on speed is 
8 ms. the off speed is 9 ms. and the switching speed is 1 7 ms. Thus, the response speed is much higher than the ones 
offered by the conventional modes. As mentioned akxave, display is seen little irregular. However, the manufacturing 
process is smpler than those of the first and second embodiments. For example, in the course of forming ITO pixel elec- 
trodes (cell electrodes) on a TFT substrate, the electrodes are slitted. A pattern of protrusions is then drawn on a com- 

46 mon electrode using a photo-resist. As already described, the rubbing step is unnecessary, and the associated after- 
rubbing cleaning step can therefore be omitted. 

For the refierence, the measurement results off an example in which slits are provkHed on the cell (pixel) electrode 
and no slit is provided on the counter electrode is described, bi this exanrple, the cell electrodes have the slits, and the 
width and pitch off the slits are determined properly. Owing to this constitution, stable alignment is attained, that is, Ikfuid 

60 crystalline molecules are aligned in all azimuths of 360^ inside walls defined with ot>lk:|ue electric fields induced near 
the slits. The Ik^uid crystalline molecules are aligned in all azimuths of 360° within each small region. The viewing angle 
characteristic of the panel is therefore excellent. An image that is seen homogeneous in all azimuths of 360"* can be 
produced. However, a response speed has not been improved. An on speed is 42 ms. and an off speed is 15 ms. A 
switching speed that is a sum of the on and off speeds is 57 ms. Thus, the response speed has not been improved very 

55 much. This means that no problem occurs in displaying a stiD image but the response speed is not high enough to dis- 
play a motion picture Uke the one offered by the IPS mode. If a number of the slits is decreased, the response speed is 
further decreased. This is presumably that when the nunrt>er of the slits is decreased, the area of each domain 
becomes large, and H lengthens a time in which all liquid crystalline molecules are oriented. 
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In the fifth embodiment, when a voHage is applied, the liquid crystal has portions, In which molecular alignment is 
unstatale. The reason will be described with reference to Figs. 40 and 41 . Fig. 40 Is a diagram Illustrating the distribution 
of orientation of liquid crystalline molecules in the electric connection portions. In a portion where the protrusion 20A 
and the slit 21 are provided in parallel, the liquid crystalline molecules are oriented in a direction perpendicular to the 

5 direction In which the protrusion and the slit extend as viewed from the upper side. In the electric connection portion, 
however, the liquid crystalline molecules 14a are oriented in different directions, developing abnormal orientation. 
Therefore, as shown in Fig. 41 , liquid crystalline molecules in the spaces between the protrusions 20A and the slits 21 
of the electrodes are aligned in a direction vertical (vertical direction in the drawing) to the protrusions 20A and slits 21 . 
Near the apices of the protrusions and the centers of the slits, liquid crystalline molecules are aligned in a horizontal 

10 direction but not in the vertical direction. Oblique electric fields induced by the slopes of the protrusions or the slits ena- 
ble control of tiie liquid crystal in tiie vertical direction in the drawiring but cannot enable control in the lateral direction. 
For tills reason, a random donmin ie produced sideways near the apices of the protrusions and the centers of the slits. 
Ttiis has been confirmed through microscopic cbsen^tion. A domcdn near the apex of a protrusion is too smalt to be 
discerned, causing no problem. However, an area occupied by a domain having liquid crystalline molecules aligned 

IS sideways and lying near a slit is so large as to be discerned even by naked eyes. When the domain is produced regu- 
larly, even if the domain is large, it will not be cared. However, when the domain is produced at random, an image is 
seen irregular. This leads to deteriorated display quality The panel in the fifth embodment makes a littie poor impres- 
sion on image quality compared with the one provided by the first embodiment though display has no problem. 

Abnonnal orientation causes the luminance of the panel and the response speed to decreasa For example, a oom- 

20 parison of a practical device In which an electric connection portion is formed at the central portion of the pixel electrode 
with a practical device in which a protrusion is provided, indicates abnormal conditions such as a drop in the luminance 
and a residual image in which white appears bright for a moment when black changes into white. In the sixth embodi- 
ment, this problem is solved. 

A panel of the sixth embodiment is provided by modifying the shape of the protrusions 20A and that of the slits 21 

26 in the cell electrodes 13 in the panel of the fifth embodiment. Fig. 42 is a diagram showing the shape of the protrusions 
20A of tiie sixth embodiment and that of the cell electrodes 1 3 thereof which are seen in a direction vertical to the panel. 
As illustiated, the protrusions 20A are zigzagged. Owing to this shape, as shown in Fig. 43, a domain divided regularly 
into four regions is produced. Consequentiy. irregular display that poses a problem in tiie fifth embodiment can be over- 
come. 

30 Fig. 44 is a plan view of a pixel portion in the LCD according to a sixtii embodiment of the present invention. Rg. 
45 is a diagram illusta^ting a pattern of a pixel electrode according to tiie sixth embodiment, and Rg. 46 Is a sectional 
view of a portion indicated by A-B in Fig. 44. 

Referring to Rga 44 and 46. in the LCD of the sixth embodiment, on one glass substi'ate 16 are formed a k>lack 
matrix (BM) 34 for shielding light and a color decomposition filter (color filter) 39, and a common electrode 12 is formed 

3S on one surface thereof. Moreover, sequences of protrusions 20A are formed in a zig-zag manner. The glass substrate 
16 on which the color filter 39 is formed is caled color fitter substrate (OF suk>strate). On the other glass suk)strate 1 7 
are formed a plurality of scan bus lines 31 ananged in parallel, a plurality of data bus lines 32 arranged in parallel In a 
direction perpendicular to tiie ecan bus lines, TFTs 33 anranged like a matrix to correspond to the intersecting points of 
the scan bus lines and the data bus lines, and display pixel (cell) electrodes 1 3. The ecan bus lines 31 fbrm gate elec- 

40 trodes of the TFTs 33. and the (tata bus lines 32 form drain electrodes 42 of the TFTs 33. The sources 41 are formed 
in the same layers as tiie data bus lines 32 and are formed simultaneously with the formation of the drain electrodes. A 
gate-insulating film, an amorphous silicon active layer and a channel protection film are formed on predetermined por- 
tions between the scan bus line 31 and the data bus line 32, an insulating film is formed on the layer of the data bus line 
32 and, besides, an ITO film corresponding to the pixel electrode 13 is formed thereon. The pixel electrode 13 is of a 

46 rectangular shape of 1 :3 as shown in Fig. 45. and has a plurality of slits 21 in a direction tilted by 45 degrees with 
respect to the sides thereof. In order to stabilize the potential of every pixel electrode 13, furttiermore. a OS electrode 
35 is provided to form a storage capacitor. TTie glass substrate 1 7 is called TFT substrate. 

As shown, the sequences of protrusions 20A of the CF substrate and the slits 21 of the TFT substrates are 
arranged being deviated by one-half pitch of their arrangement, so that the substi^tes maintain an inverse relationship. 

50 The protrusions and the slits maintain a positonal relationship as shown in Fig. 1 2C, and the orientation of the liqukJ 
crystals is divkled into four directfons. As described ak>ove, the pixel electi'ode 13 is formed by forming an ITO film, 
applying a photoresist thereon, exposing it to light through a pattern of electrode, followed by developing and etching. 
Therefore, tiie slit can be formed through tiie same step as the conventional step if the patterning is so effected as to 
remove the portion of the slit, witiiout driving up the cost. 

59 Upon forming the slits in tiie pixel electrode 1 3. the pixel electrode 1 3 is divided into a plurality of partial electrodes. 
Here, however, a signal of the same voltage must be applied to tiie partial electrodes and, hence, the partial electrodes 
nruist be electrically connected togettier. According to this emkxxliment as shown in Fig. 45, therefore, tiie pixel elec- 
trode 1 3 is not oornpletely divided by sBts, but the electrode is left at tiie perimetric portions 1 31 , 1 32, 1 33 of the plxB\ 
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electrode 13 to Ibrm electric connection portions. As described above, the cdignments of the molecules are disturbed 
near the electric connection portiona Therefore, according to this embodiment as shown in Fig. 1 0, the electric connec- 
tion portions are formed in the perimeter of the pixel electrode 13 and are shielded by the BM 34 to obtain luminance 
and response speed comparable with those of when protrusions are formed on both of them. In this embodiment in 

5 which the C8 electrode 35 having light-shielding property is provided at the central portion of the pixel, the pixel is 
divided into upper and lower two portions. Reference numeral 34A denotes an opening of the upper side defined by BM, 
and 34B denotes an opening of the lower side defined by BM, and light passes through the inside of the openings. 

Figa 47 to 48C are diagrams showing a viewing angle characteristic exhibited by the sixth embodiment. As illus- 
trated, the viewing angle characteristic is excellent and in^egular display is overcome. Moreover, a response speed is as 

10 high as a switching speed is 1 7.7 ms. Thus, very fast switching can be achieved. 

Figs. 49A and 49B Illustrate another exanple of the pattern of the pixel electrode, wherein the BM 34 shown in Fig. 
49B is formed on the pixel electrode 1 3 shown in Fig. 49A. The pattern of the pixel electrode can be modified in a variety 
of ways. For example, electric connection portions may be formed in the perimeter on both sides of the slit to decrease 
the resistance between the partial electrodes. 

16 In the fifth and sixth emt>odiment6, slits can be provided in the place of the protrusions on the counter electrode 1 2. 
Namely, both of the domain regulating means are realized by the slits. However, in this constitution, the response speed 
is decreased. 

In the sixth embodiment, the electric oonnectton portions are formed in the same layer as the partial electrodes. 
The electric connection portions, however, may be formed in a separate layer. A seventh embodiment deals with this 
20 case. 

Figs. 50 A and 50 B are diagrams Illustrating a pattern and a structure of the pixel electrode according to the seventh 
embodiment. The seventh embodiment is the same as the sixth embodiment except that the connection electrode 1 34 
is formed simultaneously with the formation of the data bus line 32. and a contact hole is formed in the insulating layer 
135 to connect the partial electrode 13 to the connection electrode 134. In this embodiment, the connection electrode 

26 134 is formed simultaneously with the data txjs line 32. However, the connection electrode 134 may be formed simul- 
taneously with the gate bus line 31 or the CS electrode 35. The connection electrode may be formed separately from 
the fomiation of the k>us line. In this case, however, a step must be newly provided for forming the connection electrode, 
i.e., a new step must be added. In oider to simplify the steps, it is desired to form the connection electrode simultane- 
ously with the formation of the bus line or the CS electroda 

30 In the seventh emtxxdiment, the connection electrode which becomes a cause of abnormal orientation is more sep- 
arated away from the liquid crystal layer than tiiat of the sixth embodiment, making it possible to further deaease abnor- 
mal orientation. When the connection electrode is formed of a light-shielding material, such a portion is shielded from 
light, and the quality of display is further improved. 

Fig. 51 is a plan view of a pixel portion according to a eighth embodiment, and Rg. 52 is a sectional view of a por- 

36 Won A-B in Fig. 51 . The eighth embodiment is the same as the sixth en*odiment except that a protrusion 20C is formed 
in the slit of the pixel electrode 13. Botfi the slit of the electrode arKl the insulating protrusion formed on the electrode 
define the orientation region of the liquid aystala When the protrusion 20C is formed in the slit 21 as in this embodi- 
ment, the directions of orientation of the liquid crystala due to ttie slit 21 and the protrusion 20C are in agreement, the 
protrusion 20C assisting the divlston of orientatton by the slit 21 , to improve etability. Therefore, tiie orientation is more 

40 stabilized and the response speed is more increased than those of the first embodiment Referring to Fg. 52, the pro- 
trusion 20C is formed by laminating the layers that are formed when the CS electrode 35. gate bus line 31 and data bus 
line 32 are formed. 

Figs. 53A to 53J are diagrams illustrating a process for produang a TFT substrate according to the eighth enfood- 
iment. In Fig. 53A, a metal film of the gate layer is formed on a glass substrate 17. In Fig. 53B, portions corresponding 

46 to gate bus lines 31, OS electrodes 35 and protrusions 312 are left relying upon the photolithography method. In Fig. 
53C. a gate-insulating film, an amorphous silicon active layer and a channel protection film are continuously formed. In 
Fig. 53D. the channel protection film 314 is left in a self-aligned manner by exposure to light through the back surface. 
In Fig. 53E, a metal film 321 is formed for forming the contact layer and the source-drain layer. In Rg. 53F, a source 
electrode 41 and a drain electrode 42 are formed relying on tiie photolithography method. At this moment, the metal 

60 film is left even at a position conresponding to the protrusion 20C on the inside of the slit. In Rg. 530, a passivation film 
33 is formed. In Fig. 53H, a contact hole 332 is formed for the source electrode 41 and the pixel electrode. In Fig. 531, 
an ITO film 341 is formed. In F^. 53J. a pixel electrode 13 is formed by the photolithography method. Slits are formed 
at this moment. 

According to this embodiment as described abova the protrusion 200 is formed in the slit 21 of the pixel electrode 
55 13 without, however. Increasing the number of the steps compared with the conventional process. Besides, the orien- 
tation is further stabilized owing to the protrusion 20C. In this embodiment, the protrusion in the slit of the pixel electrode 
is formed by sif>erposing three layers, i.e., gate bus line l^er, channel protection layer and source/drain li^er. The pro- 
trusion, however, may be formed by one layer or by a combination of two iayera 
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Fig. 54 i8 a diagram showing the shape of the protrusions 20A and 20B in the ninth embodiment which are seen in 
a direction vertical to the panel. Rg. 55 is a diagram showing a practical plan view of pixel portions of the ninth embod- 
iment. A panel of the ninth embodiment of the present invention is provided by zigzagging the protrusions 20A and 20B 
in the panel of the first embodiment like those in the one of the sixth embodiment. As illustrated, the protrusions 20A 

5 and 20B are zigzagged so that an orientation causing each domain to be divided into four regions can be attained. The 
directions of the surfaces of each protrusion reaching and receding from a bent are mutually different by 90**. Since liq- 
uid crystalline molecules are aligned in a direction vertical to the surfaces of each protrusion, an orientation causing 
each domain to be divided into four regions can be attained. In practice, a panel in which a thickness of the liquid crystal 
layer is 4.1 ^m. a width and height of the protrusions 20A are respectively 10 iim and 4 ^m, a width and height of the 

10 protrusions 208 are respectively 5 ^m and 1 .2 jim, a gap between the protrusions 20A and 20B (a distance in the direc- 
tion shifted by 45** from the horizontal line in the figure) is 27.5 ^m, and a size of the pixel (pixel arrangement pitches) 
is 99 ^m X 297 \an has been made. As a result of measurement of this panel, the response speed of the panel is iden- 
tical to that of the panel of the first embodiment. The viewing angle characteristic thereof is identical to the one in the 
sixth embodiment, and is so excellent as to demonstrate that the orientation is divided vertically and laterally uniformly 

16 Optimal values of the width, height and gap of the protrusions have relations to each other. Further, they are changed 
according to materials of the protrusions, vertical afignment f Om. liquid crystal, a thickness of the Iquid crystal layer cmd 
so forth. 

In the panel in the ninth emkxxllment the direction of tilt of Ikiuld crystalline molecules can be controlled to Include 
four directions. Regions A, B, C, and D in Fig. 54 are regtons to be controlled so that fiquid crystalline molecules therein 

20 v^ll be aligned in the four directions. The ratio of the regions within one pixel is uneven. This Is because the pattern of 
protrusions is continuous and is located in the sanr^ way in all pixels, and a pitch of repeated patterns of protrusions is 
matched with a pitch of arrayed pixels. In reality, the viewing angle characteristic shown in Fig. 47 to 480 is exhibited 
but does not reflect the uneven ratio of regions resulting from orientation division. However, this state is not very pref- 
erable. The pattern of protrusions shown in Rg. 54 is therefore formed all over the substrates with the pitch of pixels 

26 ignored. The wkitii of a resist is 7 micrometers, an interval between resist lines is 15 micrometers, the height of the 
resist is 1.1 micrometers, and the thickness of cells is 3.5 micrometers. Using a TFT substrate and CF substrate meet- 
ing tiiese conditions, a Ik^uid crystal display of size 15 was produced as a prototype. Some resist lines interfered with 
gate bus lines and data bus lines. Nevertheless, generally good display appeared. Even when the width of tiie resist 
was increased to be 15 micrometers and the interval between resist lines was increased to 30 micrometers, nearly the 

30 same results were obtained. Consequently, when tiie width of protrusions and the pitch of repeated patterns are made 
much smaller than the pitch of pixels, even If a pattern of protrusions is drawn with the dimensions of a pixel ignored, 
good display can be attained. Besides, the freedom in design expands. For completely preventing interference with bus 
lines, the pitch of repeated patterns of proti'usions or dents should be set to an integral submultiple or multiple of the 
pitch of pixels. Likewise, a cycle of protrusions must be designed in consideration of a cyde of pixels and should pref- 

55 erably be set to an integral submultiple or multiple of the pitch of pixels. 

In the ninth embodiment, when a pattern of protrusions that is discontinuous like the one shown in Rg. 56 is 
adopted, the ratio of regions within one pixel in which liquid crystalline molecules are aligned in fpur different directions 
is even. There is still no particular problem In manufacturing. However, since the pattern of protrusions is discontinuous, 
the orientation of the liquid crystal la disordered at the edges of patterns. This leads to deteriorated display quality auch 

40 as light leakage. Even from this viewpoint, preferably, the pitch of repeated patterns of protrusions shouM be matched 
with the pitch of arrayed pixels, and a continuous pattern of protrusions should be adopted. 

In the ninth embodiment, the protrusions of dielectric materials are formed in a zig-zag manner on the electrodes 
12, 13 as the domain regulating means and the protrusions regulate the alignment direction of the liquid crystalline mol- 
ecules. As described above, the slits provided on the electrodes generate oblique electric fields, at the edges thereof, 

46 and the oblique electric fields operate as tiie domain regulating means. The edges of tiie cell (pixel) electrodes also 
generate oblique electric fiekJ. Therefore, the oblk^ue electric fiekl must be considered as the domain regulating means. 

Figs. 57A and 57B are diagrams for eoq^laining this phenomenon and shows the case of the vertical orientation 
somewhat Inclined from the vertical direction. As shown in Fig. 57A. each liquid crystal particle 14 is oriented substan- 
tially vertically when no voltage is applied thereto. Upon application of a voltage between electrodes 12 and 13, how- 

60 ever, an electric f leM Is generated in vertical di-ectton in the electrodes 1 2 and 1 3 in the region other than the perimeter 
of the electrode 13, so that the liquid crystalline molecules 14 are tilted in the direction perpendicular to the electric field. 
One electrode is a common electrode, and the other electrode is a display pixel electrode separated into each display 
pixel. Therefore, as shown in Fig. 57B, the direction of the electric field 8 is inclined at its perimetric edge (edge). The 
liquid crystalline molecules 14 are tilted in the direction perpendicular to the electric field 8. The direction of inclination 

65 Of the fiquid crystal, th erefore, is different between the central portion and the edge of the pixel as shown. This phenom- 
enon is called "reverse tilt". A reverse tiK causes a schfieren structure to be formed in the display pixel area and thus 
deteriorates tiie display quality. 

The reverse tilt also occurs in the case where the domain regulating means is used. Fig. 58 is a diagram showing 
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a portion 41 where the schlieren structure can be observed in a configuration formed with the zigzag protrueion pattern 
of the ninth enrtodiment Fig. 59 is a diagram showing in enlarged form the neighborhood of the portion 41 where a 
schlieren structure is observed and also shows the direction in which the liquid crystalline molecules 14 are tilted upon 
application of a voltage thereto. In this case, protrusions of different materials are formed on the pixel electrode sub- 

5 strate formed with a TFT and on the opposed substrate formed with a common electrode. A vertical alignment film is 
printed, and the de/ice Is assembled without being rubbed. The cell thickness is 3.5 iixr\. The portion 41 where the 
schlieren structure is observed is where the direction in which the liquid crystalline molecules are fallen by the orienta- 
tion regulation force due to the diagonal electric field Is considerably different from the direction of orientation regulation 
due to the protrusions. TNs reduces the contrast and the response rate, thereby leading to a deteriorated display qual- 

w ity. 

In the case where the liquid crystal display device configured of a protrusion pattern bent in zigzag in the ninth 
embodiment is driven, the display is darl^ned in a part of the display pixels, or a phenomenon called an after-image in 
which a somewhat previous display appears remaining occurs in the display of an animation or cursor relocation. Fig. 
60 is a diagram showing a region appearing black in the pixel on the liquid crystal panel configured in the ninth embod- 

16 iment. In this region, the change in orientation is found to be very slow upon application of a voltage. 

Fig. 61 A is a sectional view taken in line A-A' in Fig. 60. Fig. 61 B is a sectional view tal^n in line B-B'. As shown in 
Fig. 60, the section A-A' has a region looking black in the neighborhood of the left edge, while the neighborhood of the 
rigtrt edge lacks a regk)n appearing blacK In correspondence with this, as shown in Rg. 61 A, the direction In which the 
lk)ucl crystalline molecules are tilted by the orientation regulation force due to the diagonal electric ffiekl is considerably 

20 different from the direction of orientation regulation due to the protrusions in the neighborhood of the left edge, while the 
direction in which the liquid crystalline molecules are tilted by the orientation regulation force due to the diagonal electric 
field comparatively coincides with the direction of orientation regulation due to the protrusions in the neighborhood of 
the right edge. In similar fashion, a region looking black is present in the neighborhood of the right edge but absent in 
the neighborhood of the left edge. In corresporvience with this, as shown in Rg. 61 B. the direction in which the liquid 

26 crystalline molecules are tilted by the orientation regulation force due to the diagonal electric f iekJ is considerably differ- 
ent from the direction of orientation regulation due to the protrusions in the neighborhood of the right edge, while the 
direction in which the liquid crystalline molecules are tilted by the orientation regulation force due to the diagonal electric 
field comparatively concides with tiie direction of orientation regulation due to the protrusions in the neighborhood of 
the left edge. 

30 As described above, the defterioratton of the display quality is attributalale to the portion where the direction in which 
the Ikiuid crystalline molecules are tilted by the orientation regulation force due to the diagonal electric f lekJ at an edge 
of the display pixel electrode is considerably different from the orientation regulation force due to the protrusions upon 
application of a voltage thereto. 

In the case where a liquid crystal display device having a configuration with a protrusion pattern Is driven, the dis- 

35 play quality is seen to deteriorate in the neighborhood of the bus line (gate bus line or data bus line) in the pixel. This is 
due to tiie undesirable minute region (domain) fbrmed in the neighborhood of the bus line and the resulting disturt>ance 
of liquid crystal orientation and reduced response rate. The problem ttius is posed of a reduced viewing angle charac- 
teristic and a reduced color characteristic in half tone. 

Figs. 62A and 628 are diagrams showing a fundamental configuration of a LCD according to a tenth embodiment. 

40 A pixel functions within the range defined t}y a cell electrode 13. which will be called a display region and the remaining 
part a non-display region. Normally, a bus line and a TFT are anranged in a non-display region. A bis line made of a 
metal material has a masking characteristic but a TFT transmits light. As a result, a masking member called a black 
matrix (BM) is inserted between a TFT, a cell electrode and a bus line. 

According to the tenth embodiment, a protrusion 20A is arranged in the non-display region on a common electrode 

46 12 of a CF substrate 16 so as to generate an orientation regulation force in a direction different from the orientation 
restriction force exerted due to a diagonal electric field generated by an edge of tiie cell electrode 13. Fig. 62A. shows 
the state where no voltage is applied. In this state, Ikiuid crystalline molecules 14 are oriented substantially perpendic- 
ular to the surfaces of the electrodes 1 2. 13 and the protrusfon 20A due to the vertical orientation process. Upon appli- 
cation of a voltage thereto, as shown in Fig. 62B, the liquid crystalline molecules 14 are oriented in the direction 

60 perpendicular to the electric field 8. In the non<ispiay region lacking tiie cell electrode 13, the electric field is formed 
diagonally from the neighkMrhood of an edge of the cell electrode 1 3 toward the non-display region. This diagonal elec- 
tric field tends to orient the liquid crystalline molecules 14 in a direction different from the orientation in the display 
region as shown in Fig. 57B. The orientation regulation force of the protrusion 42, however, orients the liquki crystalline 
molecules 14 in the same direction as in the display region, as shown in Fig. 62A. 

86 Fig. 63 is a diagram showing a protrusion arrangement pattern in a liquid crystal display device of the tenth Bvnbo6- 
iment. Fig. 64 is a diagram showing, in eilarged form, the portion defined by a circle in Rg. 63. In the tentii emt>odiment, 
a new protrusion 52 is formed in the vicinity of the portion where a ^lieren structure is observed. This prob'usion 52 is 
connected to and integrally formed with a protrusion currangement 20A formed on the common electrode 1 2. The rela- 
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tion shown in Figs. 62A and 62B is realized at the portion formed with the protrusion 52, where the orientation of the 
liquid crystalline molecules 14 at an edge of the cell electrode coincides with the orientation in the display region, as 
shown in Rg. 64. TTierelore. the schlieren structure that has been ok)served in Fig. 58 cannot be observed In Fig. 64 tor 
an improve display quality. 

5 Fig. 255 shows a modificalion in which the protrusion 52 is arranged to face the edge of the pixel electrode 13. in 
this modification, no shiieren structure is observed. 

The tenth ennbodiment, which uses an acrylic transparent resin for the protrusion, can alternatively use a tHadK 
material. The use of a black resin material can shield the leakage light at the protrusion and therefore improves the con- 
trast. This is also the case with the embodiments described below. 

10 The protrusion 52 which is formed as a non-display region domain regulating means in the non-display region as 
shown in Figs. 62A to 63 can be replaced by a depression (groove) with equal effect. The depression, however, is 
required to be formed on the TFT substrate. 

Any non-display domain regulating means which has an appropriate orientation regulation force can be employed. 
The direction of orientation is known to change, for example, when the light of a specific wavelength such as ultraviolet 

16 light Is irradiated on the alignment film. Utilizing this phenomenon, it is possible to realize a non-display region domain 
regulating means by changing the direction of orientation in a part of the non-display region. 

Figs. 65A and 65B are diagrams for explaining the change in orientation direction by irradiation of ultraviolet light. 
As shown in Fig. 65A, a vertical alignment film is coated on the substrate surface, and a non-polarized ultraviolet light 
is in^adiated on it from one direction at an angle of, say, 45'' as shown in Fig. 65B. TTien, the direction of orientation of 

20 the liquid crystalline molecules 14 is known to tilt toward the direction in which the ultraviolet light is irradiated. 

Fig. 66 is a diagram showing a modification of the tenth emtxxiiment. The ultraviolet light is irradiated from the 
direction indicated by arrow 54 on a portion 53 of the alignment film on the TFT substrate opposed to the protrusion 52 
constituting the non-display domain regulating means shown in Rg. 63. As a result, the portion 53 comes to fiave an 
orientation regulation force acting in such a direction as to offset the effect of the diagonal electric field at the edge of 

26 the cell electi'ode 13. Consequentiy, an effect similar to that of the tenth embodiment shown in Fig. 63 is obtained. The 
ultraviolet light, though inBdiated only on the TFT substrate in Fig. 66, can alternatively be irradiated only on the CF sub- 
strate 16 or on both the TFT substrate and the CF suk>strat6. The direction in which the ultraviolet light is irradiated is 
required to be set optimally striking a balance between the degree of the orientation regulation force in relation to the 
irracfiation conditions and the orientation regulation force due to the diagonal electric field. 

30 The non-display region domain regulating means, which reduces the effect of the diagonal electric field generated 
at an edge of the cell electrode on the orienlatfon of the Gquid crystalline molecules in flie display region and stabilizes 
the orientation of tiie liquki crystalline molecules in the display region, is applicable to various systems including the VA 
system. 

Now, desirable arrangements of the protrusions and depressions, which operate as ttie domain regulating means, 
35 which respect to edges of pixel electrodes will be described. Figs. 67A to 67C are 22 diagrams showing fundamental 
relative positions of the edge of the cell electrode and protrusions acting as domain regulating means. As shown in Rg. 
67A, protrusions 20B are arranged at ttie edges of the cell elecb'ode 1 3, or a protrusion 20 A is arranged on the common 
electrode 12 opposed to the edge of tiie cell electrode 13 as shown In Rg. 678. As anotiier alternative, tiie protrusion 
20A on the CF substrate is formed inskte the display regton witii respect to the edges of the cell electrode 1 3, as shown 
40 in Rg. 67C. while the protrusion 20B on the TFT substrate 1 7 is arranged in tiie non-display region. 

In Figs. 67A and 67B. the protrusions are arranged at tiie edges of the cell electrode 13 or in opposed relation 
thereto, and the region where the protrusions affect the orientation direction of the liquid crystal is defined by the edges. 
Regardless of the state of the diagonal electric field in the non-display region, therefore, the orientation in tiie display 
region is not affected whatsoever. Thus, a stable orientation is secured in the display region and the display quality is 
45 improved. 

According to the conditions for arrangement shown in Fig. 67C, the orientation restriction force of the diagonal elec- 
tric field at an edge of the cell electrode 13 is in the same direction as the orientation regulation force of the protrusions, 
and therefore a stable orientation can be obtained without developing any domain. 

The conditions under which the direction off ttie orientation regulation force of the diagonal electric field coincides 

so with the direction of the orientation regulation force of the domain regulating means can be realized also using a depres- 
sion instead of a protrusion. Fig. 68 is a diagram sliowing an arrangement of edges and depressions tor realizing the 
conditions for arrangement equivalent to Fig. 67C. Specifically, tiie protrusions 20B on tiie TFT substrate 17 are 
arranged inskJe the display region, and the protrusions 20A on the CF substrate are arranged in tiie non-display region 
vyith respect to the edges of the cell electrode 13. 

66 Figs. 69A and 69B are diagrams showing an arrangement of a linear (striped) protrusion arrangement constituting 
a domain regulating means on a LCD realizing the conditions Fig. 67C in the first embodiment. Fig. 69A is a top plan 
view and Fig. 69B is a sectional view. In the configuration of Figs. 69A and 69B, the protrusion height is about 2 ^m, the 
protrusion width is 7 |im and the inter-protrusion interval is 40 After two suk>strates are attached to each other, ttie 
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protrusions of the TFT substrate are arranged in a staggered fashion with the protrusions of the CF substrate. In order 
to realize the conditions of Fig. 67C. the protrusions of the TFT substrate 1 7 are Interposed between the cell electrodes 
13. Since a gate bus line 31 is interposed between the cell electrodes 13, however, the protrusion arranged between 
the cell electrodes 13 is located on the gate bus line 31 . 

5 With the LCD of Figs. 69A and 69B. no undesirable doniain is observed and the switching speed is not low at an/ 
portion. Therefore^ a superior display quality is obtained without any after-image. Assuming that the protrusions 20B 
between the cell electrodes 1 3 in Figs. 69A and 69B are arranged at the edges of the cell electrodes 13, the conditions 
of Fig. 67A can be met, while if the arrangement of the protrusions 20A and 20B is reversed between the two sub- 
stratee, on the other hand, the conditions of Fig. 67B are eatiefled. The protrusion arranged on or In oppo&ed relation 

10 to the edges can alternatively be arranged either on the TFT substrate 1 7 or on the CF substrate 1 a Considering the 
displacement of the substrates attached to each other, however the protrusions are desirably formed at the edges of 
the cell electrodes 13 on the TFT substrate 1 7. 

Figs. 70A and 70B are diagrams showing an arrangement of a protrusion arrangement of another protrusion pat- 
tern for a LCD according to a eleventh embodiment satisfying the conditions of Fig. 67C. Fig. 70A is a top plan view and 

16 Fig. 70B is a sectional view. As shown, a ched^ered grid of protrusions is arranged between the cell electrodes 13, and 
protrusions similar in shape to the above-mentoned protrusion pattern are formed sequentially inward of each pixel. By 
use of this protrusion pattern, the orientation in each pixel can be divided into lour directions, but not in equal proportion. 
Also in this case, the checkered protrusion pattern Is ananged on the gate bus line 31 and the data bus line 32 between 
the cell electrodes 13. 

20 Also in Figs. 70A and 70B, the conditions of Figs. 67A and 67B are satisfied if the protrusions 20B othenwise inter- 
posed between the cell electrodes 13 are arranged at a portion in opposed relation to an edge of the cell electrode 13 
of the TFT substrate 17 or an edge of the CF substrate. In this case, too, the protrusions are preferably formed at the 
edges of the cell electrode 13 on the TFT sut>strate 17. 

In the example shown in Figs. 70A and 70B, protrusions are formed in rectangular grid similar to the rectangular 

26 cell electrodes. Since the protrusions are rectangular, however, an equal proportion cannot be secured for all the direc- 
tions of orientation. In view of this, a protrusion an-angement bent in zigzag shown in the ninth embodiment is con- 
ceived. As described with reference to Figs. 58 and 60, however, an undesirable domain is generated in the 
neighborhood of the edges of the cell electrode 1 3 unless protrusions are formed as shown in Fig. 63. For this reason, 
independent protrusions for different pixels, not a continuous arrangement of protrusions as shown in Fig. 71 . is the next 

30 subject of discussion. In the case where the protrusions 20A and 20B ate formed as shown in Fig. 71 , however, an 
abnormal orientation occurs at the portion Indicated by T of the pixel 13, with the result that the difference in distance 
from an electric field controller (TF) 33 poses the problem of a reduced response rate. With the protrusion arrangement 
bent in zigzag in a rectangular pixel, it is impossible to satisfy the conditions for arrangement of the protrusions in rela- 
tion to all the edges of the cell electrode shown hi Figs. 67A to 670. A twelfth embodiment is intended to solve this prob- 

36 lem. 

Fig. 72 is a diagram showing the shapes of the cell electrode 13. the gate bus line 31 . the data bus tine 32, the TFT 
33 and the protrusions 20A, 20B according to the twelfth embodiment. As shown, in the twelfth ent)odiment. the cell 
electrode 13 has a shape similar to the bent form of the zigzag protrusions 20A, 20B. This shape prevents the occur- 
rence off an abnormal orientation, and the equal (Sstance from the TFT 33 to the end of the cell electrode 13 can 

40 improve the response rata According to the twelfth embodiment, the gate bus line 31 is also t>ent in zigzag in conform- 
ance with the shape of the cell electrode 1 3. 

As far as the protrusions arranged on the gate bus line 31 are formed on the portions in opposed relation to the 
edges of the cell electrode 1 3 or the edges of the CF substrate, the conditions of Figs. 67A and 67B are satisfied. In this 
case, too, the protrusions are desirably formed at the edges of the cell electrode 13 on the TFT substrate. 

46 Nevertheless, the conditions of Figs. 67A to 67C can be met only for the edges parallel to the gate bus line 31 but 
not for the edges parallel to the data bus line 32. As a result, the latter portion is exposed to the effect of the diagonal 
electric field, thereby posing the problem described above with reference to Figs. 57A to 60. 

Fig. 73 is a diagram shewing the shapes of the cell electrode 13. the gate bus line 31 , the data bus line 32, the TFT 
33 and the protrusions 20A. 20B according to a modification of the twelfth embodiment. Unlike In the twelfth embodi- 

60 ment of Fig. 72 in which the gate bus line 31 is shaped in zigzag in conformance with the shape of the ceD electrode 1 3, 
the cell electrode 13 is shaped as shown in Fig. 73. so that the gate bus line 31 is rectilinear while the data bus line 32 
Is t>ent in zigzag. In Fig. 73. the protrusions 20A and 20B are not independent for different pixels but form a continuous 
protrusion covering a plurality of pixels. The protrusion 20B is arranged on the data bus line 32 laid vertically between 
the cell electrodes 13 thereby to satisfy the conditions of 67C. The arrangement of Fig. 73 can also realize the condi- 

65 tions of Figs. 67A and 67B, as far as the protrusions arranged on the data bus line 32 are formed in spatially opposed 
relation to the edges of the cell electrode 13 or the edges of the CF substrate 16. In this case, too, the protrustons are 
desirably formed at the edges of the cell electrode 1 3 on the TFT substrate 1 7. 

In the arrangement of Fig. 73. each protrusion crosses the edge of the cell electrode 13 parallel to the gate bus line 
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31. The resulting effect of the diagonal electric field on this portion gives rise to the problem described above with ref- 
erence to Rgs. 57A to 60. 

Fig. 74 is a diagram showing another modification of the twelfth embodiment. In the arrangement shown in Fig. 74, 
the protrusions are bent twice in a pixel. This makes the pixel somewhat rectangular in shape as compared with Rg. 73 
5 and therefore the display is easier to view. 

Fig. 75 is a diagram showing the shapes of the cell electrode 1 3, the gate bus line 31 , the data bus line 32, the TFT 
33 and the protrusions 20A, 20B according to a thirteenth embodiment. Figs. 76A and 76B are sectional views taken in 
lines A-A* and B-B* In Fig. 75. In order to alleviate the effect of the diagonal electric field at the edges of the ceil electrode 
13 with a pvolrusion arrangement bent in zigzag, the tenth embodiment Includes the non-displa/ region domain regu* 
10 lating means arranged outside the display regbn while the thirteenth embodiment has the cell electrode bent in zigzag, 
both having failed to completely eliminate the effect of the diagonal electric field. In view of this, according to the thir- 
teenth embodiment, the portion where the orientation is liable to be disturbed and an undesirable domain is liable to 
occur as shown in Figs. 58 and 60 is masked by a black matrix 34 to eliminate the effect of the diagonal electric field on 
the display. 

16 At the portion A- A' shown in Fig. 75 Is free of the effect of the diagonal electric field, the BM 34 is narrowed as 
shown in Fig. 76A, while at the portion B-6' where the diagonal electric f ieU has a considerable effect, the width of the 
BM 34 is increased as compared with the prior art so as not to display any image. In this way, the display quality is not 
deteriorated nor an after-image or a reduced contrast is caused. Tlie increased area off the BM 34, however, reduces 
the luminance of display due to a reduced numerical aperture. Nevertheless, no problem is posed as fiar as the area of 

20 the increase of BM 34 is not conskJerable. 

As described with reference to the tenth to thirteenth embodiments, according to this invention, the effect of the 
diagonal electric f ieM at the edge portions of the ceil electrode can be alleviated and therefore the display quality can 
be improved. 

In the embodiments as set above, the orientation of liquid crystal Is divided by the domain regulating means. A 

2s detailed observation of the orientation in the boundary portion of the domain, however, reveals the fact that the domain 
is divided in the directions 180"* apart at the domain regulating means, that minute domains SC" different in direction 
exist in the boundary portion (on a protrusion, a depression or a slit) between domains and that a region looking black 
exists in the boundary (the neighborhood of the edge of a protrusion, if any) of each domain including a minute domain. 
The region looking dark brings about a reduced numerical aperture and darkens the display. As described above, the 

30 liquid crystal display device using a TFT requires a CS electrode contributing to a reduced numerical aperture. In other 
cases, a black matrix (BM} is provided Ibr shielding the surrounding of the display pixel electrode and the TFT. in all of 
these cases, it is necessary to prevent the numerical aperture from being reduced as far as possible. 

The use of a storage capacitor with the CS electrode was described atx>ve. Let us briefly explain the function of the 
storage capacitor (CS) and the electrode structure. The circuit of each pixel in a liquid crystal panel having a storage 

35 capacitor is shown in Fig. 77 A. As shown in Fig. 1 7, the CS electrode 35 is formed in parallel to the cell electrode 1 3 in 
such a manner as to configure a capacitor element between the CS electrode 35 and the cell electrode 13 through a 
dielectric layer. The CS electrode 35 is connected to the same potential as the common electrode 12. and therefore, as 
shown in Fig. 77A, a storeige capacitor 2 is formed in parallel to the capacitor 1 due to the IkfuM crystal. Upon applica- 
tion of a voltage to the lki|uld crystal 1 , a voltage is similarly applied to the storage capacitor 2, so that the voltage hekl 

40 in the liquid crystal 1 is hekl also in the storage capacitor 2. As compared with the liquid crystal 1 , the storage capacitor 
2 is easily affected by a voltage change of the bus line or the like, and therefore effectively contributes to suppressing 
an after-image or a flicker and alleviating the di^lay failure due to the TFT-off cunent. The CS electrode 35 is preferably 
formed in the same layer as the gate (gate bus line), the source (data t>us line) or the drain (cell) electrode of the TFT 
element in order to simplify the process. Since these electrodes are formed of an opaque metal for securing the 

45 required accuracy, the CS electrode 35 is also opaque. As described above, the CS electrode is formed in parallel to 
the cell electrode 13. and therefore the portion of the CS electrode cannot be used as a display pixel for a reduced 
numerical apertura 

The liquid crystal display device is required to have an improved display luminance while an effort is being made to 
save power consumption at the same time. The numerical aperture, therefore, is preferably as high as possible. As 
50 explained above, on the other hand, the light leakage through the slit formed In the protrusion or the electrode for 
improving the display quality deteriorates the display quality. For eliminating this inconvenience, the protrusion is pref- 
erably made of a masking material and the slit is preferably masked with a BM or the like. Nevertheless, these meas- 
ures contribute to a lower numerical aperture. 

An arrangement of tiie protrusions 20A, 20B and the CS electrode 35 of the errtbodiments as set above is shown 
55 in Fig. 77B. The protrusions 20A, 20B and the CS electrode 35 are opaque to the light and the corresponding portions 
have a lower numerical aperture. The protrusions 20A, 20B are formed partly In superpositfon but partly not in SMper- 
position on apart of tfie CS electrode 35. 

Figs. 78A and 78B are diagrams showing an arrangement of the protrusions 20 (20A. 20B) and the CS electrodes 
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35 aoooiding to an 14th embodiment. Fig. 78A is a top plan view and Fig. 78B is a sectional view. As shown, a plurality 
of C8 electrode units 35 are an^nged under the protrusions 20A, 20B. For a storage capacitor of a predetermined 
capacitance to be realized, a predetermined area is required of the CS electrode units 35. The oomt}ined area of the 
five units into which the CS electrode 35 Is divided as shown in Figs. 78A and 78B coincides with the area of the CS 

5 electrode 35 shown of Figs. 77A and 77B. Further, in view of the fact that the CS electrode units and the protrusions 
20A. 20B are all superposed one on another in Figs. 78A and 78B. the numerical aperture is not substantially reduced 
more than it would be reduced by the CS electrode alone. It follows, therefore, thcrt the numerical aperture is not 
reduced by the provision of the protrusions. 

Figs. 79A and 79B are diagrams showing an arrangement of the slits 21 of the electrodes 12, 13 and the CS elec- 

10 trode units 35 according to a modification of the 1 4th embodiment. Fig. 79A is a top plan view and Fig. 79B is a sectional 
view. The slits 21 function as a domain regulating means and are preferably masked for preventing the light leakage 
therethrough. In this modification, the leakage light at the slits 21 is masked by the CS electrode units 35. Since the total 
area of the CS electrode units 35 remains the same, the numerical aperture is not reduced. 

Figs. 80A and 80B are diagrams showing an arrangement of the slits 21 of the electrodes 1 2. 13, and the CS elec- 

15 trode units 35 according to another modification of the 1 1th embodiment. Fig. 80A is a top plan view and Fig. SOB is a 
sectional view. This modification is identical to the aforementioned modification of Figs. 78A and 78B except that the 
protrusions are bent in zigzag. 

Fig& 81 A and 81 Bare diagrams showing an arrangement of the slits2l of the electrodes 12. 13, and the CS elec- 
trode units 35 according to another modification of the 14th embodiment. Fig. 81 A is a top plan view and Fig. 81 B is a 

20 sectional view. This modification represents the case in which the total area of the protrusions 20A, 20B is larger than 
the total areas of the CS electrode units 35. According to this modificatk>n, the CS electrode units are arranged at posi- 
tions corresponding to the edges of the protrusions 20 A, 20B and not arranged at the central portion of the protrusion. 
As a result, a minute domain having an orientation angle 90"* different existing in the neighborhood of the top of the pro- 
trusion can be effectively utilized for a t>rtghter display 

26 TTie constitution in which the CS electrode is divided into a plurality of CS electrode unit can be adapted to a case 
in which the depressions (grooves) are used as the domain regulating means. 

Tlie 14th emk>odlment described above can prevent the reduction in numerical aperture which otherwise might be 
caused by the domain regulating means used. 

Fig. 82 shows a protrusion pattern of the fifteenth embedment. In this fifteenth embodiment, linear protrusions 20A 

30 and 20B are disposed in parallel with one another on the upper and lower substrates, respectively, so that when they 
are viewed from the surface of the substrates, these protrusions 20A and 20B orthogonally cross one another. The liq- 
uid crystalline molecules 14 are oriented perpendicularly to the slopes under the state where no voltage is applied 
between the electrodes but the liquid crystalline molecules in the proximity of the slopes of the protrusions 20A and 20B 
are oriented perpendicularly to the slopes. Therefore, the liquid crystalline molecules in the proximity of the slopes of 

35 the protrusions 20A arKi 20B are inclined under this state and moreover, the directions of inclination are different by 90 
degrees near the protrusions 20A and 20B. When the voltage is applied between the electrodes, the liquid crystalline 
molecules are inclined in a direction which is parallel to the substrates, but because the liquid crystalline moleailes are 
regulated in the directions different by 90 degrees near the protrusions 20A and 20B, respectively, they are twisted. TTie 
change of the image in the case of twisting In this fifteenth embodiment Is the eame as that of the TN mode shown in 

40 Figs. 2A to 2C. Fig. 2C shows the state when no voltage is applied and this is different only in that when the voltage is 
applied, the state becomes the one shown in Fig. 2 A. As shown in Fig. 82. further, four different twist regions are 
defined in the range encompassed by the protrusions 20A and 20B in the fifteenth embodiment. In consequence, view- 
ing angle perfbrmance is eoaellent, too. Incidentally, the directions of the twists are (Afferent among the adjacent 
regions. 

45 Figs. 83 A to 83D explanatory views useful for explaining why the response speed in the fifteenth embodiment is 
higher than that of the first embodiment. Fig. 83A shows the state where no voltage is applied, and the Ikiuid crystalline 
molecules are oriented perpendiculariy to the substrates. When the voltage is applied, the liquid crystalline molecules 
are inclined in such a manner as to twist in the LCD of the fifteenth embodiment as shown in Fig. 83B. In contrast, the 
liquid crystalline molecules at other portions are oriented by using the lk)uid crystalline molecules keeping touch with 

60 the protrusions as the trigger in the LCD of the first embodiment as shown in Fig. 83C. However, the liquid crystalline 
molecules near the centers of the upper and lower protrusions move irregularly when the orientation changes because 
they are not limited, and they are oriented in the same direction as shown in Fig. 83D after the passage of a certain 
period of time. Qeneraily. the change speed of the twist of the LCDs is high not only in the LCD of the VA system LCD 
using the protrusions, and the response speed of the fifteenth embodiment is higher than that of the first embodiment. 

55 Fig. 84 shows viewing angle performance of the LCD of the fifteenth embodiment. This viewing angle perfbrmance 
is extremely excellent in the same way as that of the VA LCD of the first embodiment, and is naturally higher than th€rt 
of the TN mode and is at least equal to that of the IPS mode. 

Fig. 85A is a diagram showing the response Gpeeds with the change of tfie gray-scale at the 1 6th graduation, 32nd 
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gradation. 48th gradation, 64lh gradation and black (first gradation} when 64-gradation display is effeded in the LCD of 
the fifteenth embodiment. For reference, Rg. 85B shows the response speed of the TN mode. Rg. 85C shows the 
response speed of the mono-domain VA mode in which the orientation is not divided and Fig. 85D shows the response 
speed of the multi-domain VA mode using the parallel protrusions of the first embodiment. For example, the response 

5 speed from the full t^lack to the full white is 58 ms in the TN mode, 19 ms in the mono-domain VA mode and 19 ms in 
the muK-domain system, whereas it is 19 ms in the fifteenth embodiment, arxi this value remains at the same level as 
those of other VA mode. The response speed from the full white to the full black is 21 ms in the TN mode 12 ms in the 
mono-domain VA mode and 12 ms In the multl -domain type, whereas it is 6 ms in the fifteenth embodiment, and this 
value Is higher than those of other VA modes. Further, the response speed from the full to the IGth gradation is 30 ms 

10 in the TN mode. 50 ms in the mono-domain type and 130 ms in the multi-domain type, whereas it is 28 ms in the fif- 
teenth embodiment, and tfus value remains at the same level as that off the TN mode and is t^ fcu* more excellent than 
the values of other VA modes. The response speed from the 16th gradation to the full black is 21 ms in the TN mode. 
9 ms In the mono^omain type and 1 8 ms in the multi-domain type, whereas it is 4 ms in the fifteenth embodiment and 
this value is more excellent than the values of any other modes. Incidentally, the response speed of the IPS mode is 

IS extremely lower in comparison with any other modes, and the response speeds from the full black to the full white and 
vice versa are 75 ms, the response speed from the full btoxk to the 16th gradation is 200 ms and the response-speed 
from the 16 gradation to the full black is 75 ms. 

As described above, the LCD of the fifteenth embodiment are extremely excellent in both viewing angle perform- 
ance and the response speed. 

20 Figs. 86A and 86B shows another protrusion patterns for accomplishing the twist type VA system described above. 
In Fig. 86A protrusions 20A and 20B are interruptedly disposed in such a fashion as to extend orthogonally in two direc- 
tions on the respective substrates and not to cross one another, but to cross one another when they are viewed from 
the respective substrates. In this embodiment, four twist regions are formed in the different way from Fig. 82. The direc- 
tion of the twist is the same in each twist region but the rotating positions deviate from one another by 90 degrees. In 

2S Fig. 86 B protrusions 20 A and 20 B are disposed in such a fashion as to extend orthogonally in two directions to the 
respective sut^strates and to cross one another but to deviate mutually in both directions. In this embodiment, two twist 
regions having mutually different twist directions are formed. 

In Figs. 82. 86A and 86B, the protrusions 20A and 20B disposed on the two sut)strates need not be disposed in 
such a feshfon as to orthogonally cross one another. Fig. 67 shows a modification wherein the protrusions 20A and 20B 

30 Shown i n Fig. 82 are so disposed as to aoss one another at an angle other than 90 degrees. In this case, too, four twist 
regions having mutually difterent twist directions are formed, and the quantity of the twist is different between the two 
opposed regions. 

Furthermore, the same result can be ot>tained when. slits are disposed in place of the protrusions 20A and 2GB 
shown in Figs. 82, 86A and 88B. 

35 In the fifteenth embodiment shown in Fig. 82, there is no means for controlling the orientation at the center portion 
in the frame encompassed by the protnjsions 20 A and 20B in comparison with the portions near the protrusions, and 
the orientation is likely to be disturbed because it is far from the protrusions. For this reason, an efongated time is nec- 
essary before the orientation gets stabilized, and it is expected that the response speed at the center portion becomes 
tower. The response speed attains the highest at the corner portions of the frame because they are affected strongly by 

40 the protrusions serving as two adjacent sides. The influences of the orientation at the comer portions are transferred to 
the center portion, impinge with the influences of other twist regions and the twist regions are rendered definite and are 
stabilized. In this way, all the liquid crystals are not simultaneously oriented, but certain portions are first oriented and 
then this orientation is transmitted to the portions nearby. Therefore, the response speed becomes slower at the center 
portion far from the protrusions. When the frame defined t>y crossing is a square as shown in Fig. 82 for example, the 

46 influences are transferred from the four corners kxjt when the frame defined by the crossing protrusions is the parallel- 
ogram as shown in Fig. 87. the influences are transferred from the acute angle portions, where the influences of the 
protrusions are stronger, to the center portion. The influences impinge at the center portion and are further transferred 
to the comers having an obtuse angle. Therefore, the response speed becomes slower in the parallelognamic frame 
than in the square frame. To solve such a problem, a protrusion 20D similar to the frame is disposed at the center of 

60 each frame as shown in Fig. 88. An excellent response speed can be obtained when, for example, the protrusions 20A 
and 20 B has a width of 5 jim and a height of 1 .5 ^m, the gap of the protrusions is 25 jim and the protrusion 20D is a 
square pyramid having a bottom of 5 ^m. 

Fig. 89 shows another embodiment wherein the protrusion is disposed at ttie center of each frame of the protrusion 
pattern shown in Fig. 87. The same result as that of Fig. 82 can be obtained according to tiiis arrangement, toa 

66 In the constructions shown in Figs. 82, 86A, 66B and 87 wherein the protrusions 20A and 20B cross one another, 
the thickness of the liquid crystal layer can be limited at the portions at which the protrusions 20A and 20B cross one 
another by setting the sum off the height of tfie protrusions 20 A and 20 B to a value equal to the gap of the 8ut)8trate8, 
that is, tiie thickness of tiie liquid crystal layer. According to this arrangement, the spacer need not be used. 
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Rga 90A andi SOB are diagrams showing the structure of a panel of the 16th emtxxliment. Fig. 90A is a side view, 
and f^g. 90B is an olslique view of a portion of the panel corresponding to one square of a lattice. Fig. 91 is a diagrGmi 
showing a pattern of protrusions in the 1 6th emtxxliment which Is seen in a direction vertical to the panel. As illustrated, 
in the 16th emtxxfiment, the protrusions 20A are created like a cubic lattice on the electrode 12 formed on one sub- 

5 strate, and the pyramidal protrusions 20 B are created at positions coincident wHh the center positions of the opposite 
squares of the lattice on the electrodes on the other suk>strate. In a region shown in Fig. SOB, the orientation is divided 
according to the principles described in conjunction with Rg. 1 2B and divided vertically and laterally uniformly. In realKy, 
a prototype was produced by setting the distance betwreen the electrodes to 3.5 micrometers, the sideways spacing 
between protrusions 20A and 20B to 10 micrometers, and the hei£^ of protrusions to 5 micrometers. As a result, the 

10 viewing angle characteristic of the panel was of the same level as the one of the panel of the second embodiment 
shown in Fig. 22. 

Figs. 254A and 254B show a modification of the sixteenth emtxxliment. Fig. 254A shows a protrusion pattern and 
Fig. 254B is a sectional view. In this modification, the arrangement of the matrix-like protrusions and the (i^ramidal pro- 
trusions of the sixteenth emtxxliment is reversed. In other words, the protrusion 20A disposed on the electrode 12 of 

16 the CF substrate 1 6 is pyramidal whereas the protrusion 20B on the side of the TFT substrate 1 7 has a two-dimensional 
matrix form. The protrusion 20A is disposed at the center of each pixel 9 and the protrusion 20B is disposed in the same 
pitch as that of the pixels and is disposed on the bus line between the pixels 9. Therefore, the liquid crystal is oriented 
in four directions inside each pixel. The domain is divided by the protrusion 20A at the center of the pixel as shown in 
Fig. 254B. The protrusion 20B disposed outside the pixel electrode 1 3 divides the orientation at the boundary of the pix- 

20 els as shown in the drawving. Further, the edge of the pixel electrode functions at this portion as the domain regulating 
mean& The orientation regulating force by the protrusion 20B and the orientation regulating force of the edge of the 
pixel electrode coincide with each other. Consequently, the division of the orientation can be carried out stably. In this 
modification, the distances between the protrusion 20A and the protrusion 20B versus the edge of the pixel electrode 
1 2 are great. Therefbre. it is only the protrusion 20A that exists inside the pixel, and the occupying area of the protrusion 

26 inside the pixel is small and display luminance can be improved, though the response speed drops to a certain extent. 
Further, the production cost can be reduced by fbrming the protrusion 20B by the formation process of the bus line 
because the number of the production steps does not increase. 

In the aforesaid first to 16th embodiments, protrusions produced using a resist that is an insulating material are 
used as a domain regulating means for dividing the orientation of a liquid crystal. In the embodiments, the shape of the 

30 inclined surfaces of the protrusions are utilized. The insulating protrusions are very important in terms of the effect of 
interruption of electric fields. A liquid crystal Is driven using, generally, an alternating wave. With an Irtcrease in 
response speed deriving from innovation of a liquid aystal material, influence exerted during one frame (during which 
a direct (dc) voltage is applied), that is. influence predetermined by a DC wave must be taken into full consideration. A 
driving wave for a liquid crystal must exhibit both the characteristics of the AC and DC voltages and satisfy the require- 

35 ments for the AC and DC voltages. The properties of the resist used to al low the driving wave for a liquid crystal to exert 
a predetermined effect of minimizing electric fields must be set in relation to the characteristics of the AC and DC volt- 
ages or the AC and DC characteristics. Specifically, the resist must be set to have properties effective in minimizing 
eledric fields In relation to the AC and DC characteristics. 

From the viewpoint of the DC characteristic, the specific resistance p must be high enough to affect the resistance 

40 of a liquid-crystal layer. Specifically, the specific resistance must be 10^^ ohms/cm or more so that it will be equal to or 
larger than the specific resistance of a liquid crystal (for example, the specific resistance of a TFT-drive liquid crystal is 
about 10^^ ohms/cm or more). Preferably, the specific resistance should be 10''^ ohms/cm or more. 

From the viewpoint of the AC characteristic, the capacitance (value determined by a dielectric constant, film thick- 
ness, and sectional area) of a resist must be about ten or less times larger than the capacitance of a liquid-crystal layer 

46 under the resist (with an impedance of about one-tenth or more of the impedance of the liquid-crystal layer), so that the 
resist can exert the operation of minimizing electric fields in the liquid-crystal layer under the resist. For example, the 
dielectric constant e of the resist is approximately 3 or about one-ihind of the dielectric constant e of the liquid crystal 
layer (approximately 10). The film thickness is approximately 0.1 micrometers or about 1/35 of the thickness of the Ikn- 
ukl-crystal layer (for example, approximately 3.5 micrometers). In this case, the capacitance of the insulating film is 

60 approximately ten times larger than the capacitance of the Itqukl-crystal layer under the insulating film. In other words, 
the impedance of the resist (insulating film) is approximately one-tenth of the impedance of the liquki-crystal layer under 
the resist. Thus, the resist can affect the distribution of electric fields in the liqukl-crystal layer. 

In addition to an effect exerted by the shape of the inclined surfaces created by the resist, the influence of the dis- 
tribution of electric fields can be utilized. This results in more stable and firm alignment. When a voltage is applied, liquid 

55 crystalline molecules are tilted. At this time, the strength of electric fields in a domain in which the orientation of a Ik^uid 
crystal is divkled (on a resist) is sufficiently low. In the domain, liqaki crystalline molecules aligned nearly vertically exist 
stably and work as a t>arrier (partition) against domains generated on both sides of the domain. When a higher voltage 
is applied, the liquki crystalline molecules in the orientation-divkled domain (on the resisO starts tilting. However, the 
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liquid crystalGne molecules in the domains generated on both sides of the domain on the resist tilt in a direction nearly 
horizontal to the resist (this results In a very firm orientation). For estabGshing this state, the Insulating layer (resist) of 
the orientation-divided domain must have a capacitance that Is approximately ten or less times larger than the one of 
the liquid-crystal layer under the resist. A material exhibiting a small dielectric constant e should be adopted to realize 

5 the insulating layer, and the thickness of the layer must be large. This suggests an insulating layer having a dielectric 
constant e of approximately 3 and a thickness of 0. 1 micrometers or more. The employment of an insulating layer having 
a smaller dielectric constant & and a larger thickness would exert a more preferable operation and effect. In the first to 
16th embodiments, a ncvolak resist having a dielectric constant e of approximately 3 Is used to form protrusions of 1 .5 
micrometers thick. Observation of orientation division has revealed that very stable alignment can be attained. The 

10 novolak resist is widely adopted in the process of manufacturing a TFT or CP The adoption of the novolak resist would 
bring about a great merit (of obviating the necessity of additional facilities). 

Moreover, it is ascertained that the novolak resist is highly reliable as compared with other resists or a flattening 
material and has no problem. 

Moreover, when the insulating film is pteiced on botii sidsstrates, a more preferable operation and effect can be 

16 exerted. 

Aside from the novolak resist, an acrylic resist (^ s 3.2) was checked to see if it would prove effective as an insulat- 
ing film. The same results as those obtained by checking tiie novolak resist were ol3tained. For demonstrating that the 
influence of electric fields is very important, an ITO film was deposited on a resist and the aligned state of liquid crys- 
talline molecules was observed. The results were not so good as those obtained when the insulating film was used. 
20 In the first to 16th embodiments, an electrode is sGtted or protrusions of insulators are formed on an electrode in 
order to divide the orientation of a Bquid crystal. Otiier forms can be adopted. Some of the forms will be presented 
below. 

Figs. 92A and 92B are diagrams showing the structure of a panel of tiie 17th embodiment. Fig. 92A is an oblique 
view and Fig. 92B is a side view. As illustrated, in the 17th emtxxJiment, protrusions 50 extending parallel to one another 

26 unidirectionally are formed on glass substrates 1 6 and 1 7, and electrodes 12 and 1 3 are formed on the substrates. The 
protrusions 50 are arranged to be mutually offset by a half pitch. The electrodes 12 and 13 are therefore shaped to 
partiy jut out. The surfaces of the electrodes are processed for vertical alignment. Using the thus shaped electrodes, 
when a voltage is applied to the electrodes, electric fieUs are induced in a verticcU direction. The orientation of a liquid 
crystal is divkled mto two directions with each protrusk>n as a border. The viewing angle characteristic of the panel is 

30 therefbre Improved as ooi^pared with a conventionally exiiibited one. However, the distribution of electric fields 
becomes different from the one attained when the protrusions are made of an Insulating material. Only the effect of the 
shape of the inclined surfaces of the protrusions is utilized in order to divide the orientation. The stability of alignment 
is slightiy inferior to that attained when the protrusions are made of an insulating material. However, as described 
above, the protrusions provided on the electrodes need to be made of insulating material with low dielectric constant. 

35 Therefbre, the materials used to form tiie protrusions are limited. Further, various conditions must be satisfied to form 
the protrusions by using those materials. This causes a problem in the production process. Contrarily, the panel struc- 
ture of the 17th embodiment does not have such Iimitatk3n. 

Fig. 93 is a diagram showing the structure of a panel of tiie 1 8th embodiment. In this embodiment, insulating layeiB 
61 formed on the ITO electrodes 12 and 13 are provided with depressions 23. As the shape of the depressions, the 

40 shapes of protrusions or sIHs of electrodes presented in the second to nintti embodiments can be adopted. In tfiis case, 
an effect exerted by oblique electric fields works like the effect exerted by the protrusions to stabilize alignment. 

Fig. 94 shows a panel structure of tiie nineteenth eni)odiment. In this emtxxliment. electrodes 12 and 13 are 
formed on glass substrates 1 6 and 1 7, respectively, layers 62 each made of an electrically conductive material and hav- 
ing a depression (groove) 23 A, 23B having a width of 10 }im and a depth of 1 .5 ^m are formed on these electrodes 12 

46 and 13, and vertical alignment films 22 are fbrmed on these layers 62. Incidentally, the thickness of a liquid crystal layer 
is 3.5 fim. and a color filter layer 39. a bus line, a TFT, etc, are omitted from the drawing. It can be observed that the 
orientation of the liquki crystal is divkled at the recess portions. In other words, it has been confirmed tiiat the depres- 
sion, too, functions as the domain regulating means. 

In the panel structure of the nineteenth embodiment, the depressions 23A and 238 are disposed at tiie same pre- 

60 determined pitch of 40 ^ In the same way as in the case of the protrusions^ and the upper and lower depressions 23A 
and 23B are so disposed as to deviate by a half pitch. Therefore, the regions in which the liquid crystal assumes ttie 
same orientation are defined k>etween the adjacent upper and lower depressions. 

Fig. 95 shows the panel structure of the 20th embodiment. In this 20tti embodiment, layers 62 having grooves 23A 
and 23B having a widtti of 10 pm and a depth of 1 .5 u^i are formed on ttie glass suk>strates 1 6 and 1 7 by using a color 

55 filter (CF) resin, respectively, electrodes 12 and 13 are fbrmed on these layers 62, and vertical alignment films are fur- 
ther fbrmed on the electrodes 12 arKi 13, respectively. In otiier words, a part of each elecb'ode 12, 13 Is recessed. The 
protrusions 23A and 23B are disposed at the same predetermined pitch of 40 ^m vi^ereas the upper and lower depres- 
stons 23A and 238 are so disposed as to deviate from one another by a half pitch. In this case, too, tiie same result as 
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that of the nineteenth embodiment can be obtained. Incidentaliy, since the structure having the depression is disposed 
below the electrode in this 20th embodiment, limitation to the material is small, and the material used for other portions 
such as the CF resin can be used. 

In the case of the protrusion and the slit, the orientation is divided in such a fashion that the liquid crystailine mol- 

5 ecules expand in the opposite direction at these portions but in the case of the recesss, the orientation is divided in such 
a fashion ifiat the liquid crystalline molecules face one another at the depression portion. In other words, the function 
of dividing the orientation by the recess has the opposite relation to that of the protrusion and the slit. Therefore, when 
the depression is used as the domain regulating means in combination with the protrusion or the slit, the prefen^ed 
arrangement becomes opposite to the arrangements of the fbregoing embodiments. The explanation will be predeter- 

10 waned next on the arrangement when the recess is used as the domain regulating means. 

Fig. 96 shows an exanrple of the preferred arrangements when the depression and the slit are used in combination. 
As shown in the drawing, the slits 21 A and 21 B are disposed at positions opposing the depressions 23A and 23B of the 
20th embodiment shown In Fig. 95. Since the direction of the orientation division of the liquid crystal by the depressions 
and the slits opposing one another is the same, the orientation is further stabilized. For example, when the depression 

16 is formed under the condition of the 20th embodiment, the slit has a width of 1 5 (im and the gap between the center of 
the depression and that of the slit is 20 ^m, the switching time is 25 ms under the driving condition of 0 to 5 V and 40 
ms under the driving condition of 0 to 3 V. In contrast, when only the slit is used, the switching time is 50 ms and 80 ms, 
respectively. 

Fig. 97 shows the structure wherein the depression 20A and the slit 21 A on one of the sut>strates (substrate 16 in 
20 this case) in the panel structure shown in Fig. 96, and the region having the same orientation direction is formed 
between the adjacent depression 20B and the slil 21 B. 

Incidentally, the same characteristics can be obtained by disposing the protrusion at the same position in place of 
the slit in the panel structures shown in Rgs. 96 and 97. and the response speed can be further improved. 

Fig. 98 shows another panel structure wherein the depression 23B is formed in the electrode 13 of the substrate 
26 1 7 and the protrusions 20A and the slits 21 A are alternately formed at positions of the opposed substrate 16 at positions 
facing the depression 238. respectively In this case, the direction of the orientation becomes different between the set 
of the adjacent depression 23 B and protrusion 20A and the set of the adjacent depression 23B and slit 21 A and con- 
sequently, the boundary ol the orientation regions is formed in the proximity of the center of the depression. 

FfQs, 99A and 99B are diagrams showing the structure of a panel of the 21th embodiment. As illustrated, the panel 
30 of the 21 th embodiment is a simple matrix LCD. TTie surface of each electrode is dented. The orientation of a liquid crys- 
tal is divided with each depression as a border. However, like the tenth embodiment, an effect of oblique electric fields 
is not exerted. The stability of alignment is little poor. 

As described above, the alignment dividing operation of depressions (grooves) is reversed to those of protrusions 
and slits. By using this relation, a ratio of domain areas can be constant regardless of assembly errors. Now, the influ- 
35 ence of assembly errors in the panel of the first emt)odiment will be described. 

Figs. 1 0OA and 1 0OB are sectional views of a panel in the first embodiment As described already, a region where 
the orientation is regulated Is defined by the protrusion 20A formed on the common electrode 1 2 and the protrusion 20B 
formed on the cell electrode 1 3. in Fig. 1 0OA, the region defined by the right inclined side surface of the protrusion 20B 
and the left inclined ^e surface of the protrusion 20A is designated as a region A, and the region defined by the left 
40 inclined side surface of the protrusion 20B and the right inclined side surface of the protrusion 20A is designated as a 
region B. 

Assume that the CF substrate 16 is displaced leftward of the TFT substrate 17 due to an assembly error, as shown 
in (2) Fig. 100B. The region A is reduced, while the region B increases. Therefore, the ratio between region A and region 
B Is not already 1 to 1 . The resulting proportion of liquid crystalline molecules divided in orientation is not equal, thereby 

46 deteriorating the viewing angle characteristic. 

Figs. 101 A and 101 B are sectional views of a panel according to a 22th embodiment. In the 22th emtxxiiment, as 
shown in Rg. 101 A, a depression 22B and a protrusion 20B are formed in the TFT suk>strate 1 7. followed by forming a 
depression 20A and a protrusion 22A on the CF substrate 16. This process is repeated. As shown in Fig. 1018, assum- 
ing that the CF substrate Is displaced with respect to the TFT substrate 1 7 at the time of assembly, the region A' defined 

60 by the protrusions 20B and 20A is reduced. Since the region A" defined by the depressions 22B and 22A is increased 
by the same amount as the region A' is reduced, however, the region A remains unchanged. The region B, which is 
defined by Ihe protrusion 20B. the depression 22B. the protrusion 20A and the depression 22A, remains unchanged 
since the interval between them remains unchanged. Consequently, the ratio between the regions A and B remains the 
same, and the superior viewing angle characteristic is maintained. 

55 Fig. 102 is a sectional view of a panel according to a 23th emkxxliment. In the 23th embodiment, as shown, the CF 
substrate 16 is fbnmed with the protrusions 22 A and the depressions 20A alternately with each other. Tills process is 
repeated. TTie region A is defined by the left inclined side eurtace of the protrusion 20A and the right inclined side sur- 
face of the depression 22A. while the region B is defined by the right inclined side surface of the protrusion 20A and the 
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left inclined side surface of the depreseion 22A. In view of the fact that the orientation region is defined only by the pro- 
trusions and depressions formed on one of the substrates, the assennbly aocuracy is not affected. 

The foregoing ennt>odiment8 are directed to ol>tain a great viewing angle in all directions. Depending on the appli- 
cation of the liquid crystal panel, however, there are the cases vyhere the viewing angle need not be greats and a great 
5 viewing angle needs be obtained in only a specific direction. The LCD suitable for such an application can be accom- 
plished by using the orientation dividing technology by the domain regulating means described akx>ve. Next, several 
embodiments to which the technology of the present invention is applied for the LCDs for such specific applications wfll 
be explained. 

Figs. 103A and 103B show the panel structure of the 24th embodiment. Fig. 103A le a top view and Fig. 103B is a 

10 sectional view taken along a line Y - Y* of Fig. 1 03B. Unear protrusions 20A and 20B are disposed in the same pitch on 
substrates 1 6 and 1 7. respectively, as shown in the drawing, and tiiese protrusions 20A and 20B are so situated as to 
deviate a littie from the respective opposing positions. In other v^rds, ttie region B is extremely narrowed in the struc- 
ture shown in Fig. 102 so that the regions are occupied almost fully t>y the region A. 

The panel of the twerrty-fourth emt)odiment is used for a protrusion type LCD, for example. The viewing angle per- 

16 formance of tfie protrusion type LCD may be narrow, but a high response speed, a high contrast and high luminance 
are required for the protrusion type LCD. Since the orientation direction of the panel of the 24th embodiment is substan- 
tially in one direction (mono-domain), the viewing angle performance is the same as those of the conventional VA sys- 
tem and cannot be said as excellent. Nonetheless, since the protrusions 20A and 20B are disposed, the response 
speed is improved markedly in comparison with the conventional system, in tiie same way as the LCDs of the foregoing 

20 embodiments. As to contrast, the contrast of this panel is substantially equal to otiier VA system and Is therefore supe- 
rior to that of the conventional TN mode and IPS moda As has been explained already with reference to Fig. 27, the 
orientation gets distorted and leaking light transmits through the portions of the protrusions 20A and 20B. To improve 
contrast, therefore, the portions of these protrusions 20A and 20B are preferably shaded. As to luminance, on the other 
hand, the aperture ratio of the pixel electrode 13 is preferably increased. Therefore, the protrusions 20A and 20B are 

25 disposed at the edge of ttie pixel electrode 13 as shown in Figs. 103A and 103B. This arrangement can increase lumi- 
nance without lowering the aperture ratio. 

From the aspect of the response speed, the gap between the protrusions 20A and 20B is preferably decreased t>ut 
to attain this object, the protrusions 20A and 20B must be disposed around the pixel electrode 13. When the protrusions 
20A and 20B are disposed around the pixel electrode 13. these portions must be shaded, so ttiat the aperture ratio 

30 drops as much. As described above, tiie response speed, the contrast and luminance have the trade-off relationship, 
and they must be set appropriately depending on the abject of use, and so tbrth. 

Fig. 104 shows a structure for achieving an LCD panel having excellent viewing angle performance in three direc- 
tions by utilizing the technology of fbrming the mono-domain according to the 24th embodiment. In this structure, tiie 
protrusions 20A and 20B are disposed in such a fashion as to define two regions of the transverse direction in the same 

35 proportion and one region of the longitudinal orientation inside one pixel. The two regions of the transverse orientation 
in the same proportion are tormed by so disposing the protrusions 20A and 20B as to deviate from one another by a 
half pitch as shown in Figs. 100A and 100B, while one region of the longitudinal orientation is Ibrmed by disposing the 
protrusions 20A and 20B adjacent to one anoUier as shown in Figs. 103A and 103B. This stiiicture can acoonplish a 
panel which has exceWevii viewing angle performance on tfie right and left sides and on tiie lower side but has lower 

40 viewing angle performance on tfie upper side. 

The LCD such as of the 24th embodiment is used for a display which is installed at a high position so tiiat a large 
number of people look it up from below, such as a display device disposed above a door of a train. 

As shown in Fig. 85C, tiie LCD of tiie VA system which does not execute the orientation division and the LCD of 
the VA system which execute the orientation division by the protrusions or the like, the response speed from l^lack to 

45 vkfhite and vice versa is superior to that of the TN mode, kxit the response speed between the intermediate gray-scale 
is not practically sufficient. The twenty^iftii embodiment solves tiiis problem. 

Figs. 105A and 105B show the panel structure in the 25th embodiment Fig. 105A shows tiie shape of the protru- 
sion when viewed from the panel surface and Fig. 105B is a sectional view. As shown in these drawings, the position of 
the protrusion 20B is charged inskle one pixel so as to define a portion having a different gap with the protrusion 20A. 

60 In consequence, the proportion of the domain oriented in two directions can be made equal and the viewing angle per- 
formance is symmetric. When the structure shown in the drawings is employed, the response speed between the inter- 
mediate gray-scale can be apparently improved. This principle will be explained with reference to Figs. 106 to 109B. 

Fig. 1 06 shows tiie structure of the panel manufactured for measuring the changes of the response speed and the 
transmittance depending on the gap of the protrusions. The protrusions 20A and 20B have a height of 1 .5 and a 

65 widtii of 1 0 ^m, and the thickness of the liqukl crystal layer is 3.5 lum. TTie response speed and the transmittance of the 
region of the gap dl and the region of the gap d2 are measured by setting one of the gaps d1 of the prob'usions to 10 
lim, changing the otiier gap d2 and changing also the voltage to be applied across the electrodes between OV and 3 V 
oorresponding to tiie intermediate gray-scale. 
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Fig. 107 is a graph showing the result of the response speed measured in the way desaibed above. This graph 
corresponds to the one obtained lay extracting the object portion shown in Figs. 20A and 20B. As can be seen clearly 
from the graph, the response time drops as the gap d2 becomes smaller. 

Fig. 108A shows the change of the transmittance when the applied voltage is changed, by using the gap d2 as a 
5 parameter. Fig. 108B shows the change of the transmittance when the voltage is changed from OV to 3V by using the 
gap d2 as a parameter. It can be seen from Figs. 1 08A and 1 08B that the response speed of the Intermediate gradation 
can be drastically improved by decreasing the gap d2 of the protrusions. However, the maximum transmittance drops 
when the gap d2 of the protrusions is decreased. 

Fig. 109A Is a graph showing the normalized time change of the transmittance at each gap d2, and Fig. 109B 
10 explains the orientation change of the liquid crystal. Assuming that the time before the transmittance reaches 90% of 
the maximum transmittance is an ON response time, the ON response time when d2 is 10 ^m is Ton 1 , the ON 
response time when d2 is 20 \im is Ibn 2 and the ON response time when d2 is 30 |im is Ton 3, tiiey have a relationship 
of Ton 1 < Ton 2 < Ton 3. 

The reason why such a difference occurs is because only the liquid crystals in the proximity of the protrusion are 

16 oriented perpendicularly to the slope of the protrusion and the liquid crystals away from the protrusion are oriented per- 
pendicularly to the electrode when the voltage is not applied, as shown in Fig. 109B. When the voHage is applied, the 
liquid crystal is inclined, and the liquid crystal can take the tilt angle of up to 360 degrees with respect to the axis per- 
pendicular to the electrode. The liquid crystal in the proximity of the protrusion is oriented when the voltage is not 
applied, and the liquid crystal between the protrusions is oriented in such a ftishion as to extend along the former liquid 
crystal as the trigger. In this way Is Ibrmed the domain In which the liquid crystals are oriented In the same direction. 
Consequently, the closer to the liquid crystal to the protrusion, the more quickly it is oriented. 

As described above, the response time between black and white is sufficiently short in the existing VA system LCDs 
and it is the response time between the intermediate gray-scale that becomes the problem. In the case of the structure 
shown in Figs. 105A and 105B. the transmittance in the regions having a narrow gap d2" changes within a short time 

25 whereas the transmittance i n the regions having a broad gap d2* changes gradually. The regions of the gap d2" are nar- 
rower than the regions of the gap d2* and have a smaller contribution to the transmittance, but because the human eyes 
have logarithmic characteristics, the human eyes catch the change as a relatively large change when the transmittance 
in the regions of the snr»n gap d2*' chcuiges a littia Therefore, if the transmittance of the regions having a small gap d2" 
changes within a short time, this change is caught as the drcetic change as a vtrfiole. 

30 As described above, the panel according to the 25th embodiment can apparentiy improve the response speed 
between the intermediate gray-scale without lowering the transmittance. 

Fig. 110 shows the panel structure of the 26th embodiment. As shown in the drawing, the protrusions 20A and 20B 
are disposed in an equal pitch on the substrates 1 6 and 1 7 and the electrodes 1 2 and 13 are formed on the protrusions, 
respectively, in this 26th embodiment. However, the electrodes are not formed on one of the slopes of the protrusions 

35 20A and 20 B, and a vertical alignment f 3m is further formed. The protrusions 20 A and 20B are arranged in such a fash- 
Ion that the slopes on which the electrode is formed and the slopes on which the electrode is not formed are adjacent 
to one another. In the region between the slopes on which the electrodes are not formed, the liquki crystals are oriented 
perperKficularly to the slopes, and the orientation direction is decided consequentiy. The electric field in the liquid crystal 
layer ie represented by broken lines In the drawing. Since the liquid crystals are oriented along this electric f ieldi the orl- 

40 entation dn'ectron due to the electric f ieM in the proximity of the slopes, on which the electrodes are not formed, coin- 
cides with the orientation direction due to the slopes. 

In tiie region between the slopes on which the electrode is formed, on the other hand, the liquid crystal in the prox- 
imity of the slopes is oriented perpendicularly to the slopes, but the orientation direction of the electric field in this region 
is different from the orientation direction due to the slopes. Therefore, the liquid crystal in tiiis region is oriented along 

45 the etectric field with the exception of the portions near the slopes when the voltage is applied. Consequentiy the ori- 
entation directions in the two regions become equal to each other, and the monoKiomain orientation can be obtained. 

Fig. 1 1 1 shows the viewing angle performance with respect to contrast when a phase difference film liaving nega- 
tive dielectric constant anisotropy and having the same retardation as that off the Ikiirid aystal panel is superposed with 
the idanel of the 26th embodiment. A high contrast can be obtained over a broad range of viewing angles. Incidentally, 

so when this panel is assembled into the protrusion type projector, the contrast ratio is at least 300. Inckientally, the con- 
trast ratio obtained when the ordinary TN mode LCD is assembled into the protrusion type projector is about 100. and 
it can be appreciated that the contrast ratio can be drastically inproved. 

In the case where a liquid crystal display device having a configuration with a protrusion pattern is driven as in the 
first embodiment, the display quality is seen to deteriorate in the neightx>rhood of the bus line (gate txis line or data bus 

66 line) in the pixel. This is due to ttie undesirable minute region (domain) formed In the neighborhood of the bus line and 
the resulting disturbance of liquid crystal orientation and reduced response rate. The problem thus is posed of a 
reduced viewing angle characteristic and a reduced color clwrecterlstic in half tone. Tliis problem is solved in a 27th 
embodiment. 
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Fig. 112 i6 a diagram showing an example pattern for repeating the linear protrusions aocording to the embodi- 
ments as set above. The protrusion pattern described above has a plurality of protrusions of a predetermined width and 
a predetermined height repeated at predetermined pitches. In Fig. 112. therefore, the width 1 and the interval m 
assume of the protrusion assume the predetermined values of 1 1 and ml , respectivety. In the shown example, the width 
5 of the protrusion formed on one substrate is different from that of the protrusion formed on the other substrate. The pro- 
trusions formed on a substrate, however, have a predetermined width 1. This is also the case with the protrusion height 
h. 

Fig. 1 13 is a diagram showing the wavelength dispersion characteristic of the optical anisotropy of the liquid crystal 
used. As shown, it is eeen that the shorter the wavelength, the larger the retardation An. Thus, the retaidaUon An 

10 increases in the order of blue (B) pixel, green (Q) pixel and red (R) pixel, and different colors have different retardation 
An while passing through the liquid-crystal layer. This difference is desirably as small as possible. 

Fig. 114 is a diagram showing a protrusion pattern according to a 27th embodiment of the invention. In the 27th 
embodiment, the blue (B) pixel ISB. the green (0) pixel 1dG and the red (R) pixel 13R each have the same protrusion 
width I but different protrusion intervals m. Specifically, the B pixel 138 has ml, the G pixel 13Q m2 and the R pixel 13R 

16 m3 in such a relation that ml > m2 > m3. 

The smaller the protrusion interval m. the larger the effect that the electric field vector has on the liquid crystalline 
molecules, thus making it more possible to alleviate the problem of the electric field vector at the time of drive. Fig. 115 
is a diagram showing the relation between the applied voltage and the transmrttance as measured while changing the 
protrusion interval. It Is seen that the larger the interval m, the larger the numerical aperture, and hence the transmit- 

20 tance is improved. The wavelength dispersion characteristic of the optical anisotropy of the liquid crystal is as shown in 
Fig. 1 1 3. By changing the protrusion interval m for each color pixel as shown in Fig . 11 4. the difference of the retarda- 
tion for a particular color can be reduced An while passing through the liquid crystcil layer for an impro\^ed color charac- 
teristic. 

Fig. 1 1 6 is a diagram showring a protrusion pattern according to a 26th embodiment of the invention. In the seventh 

26 embodiment, the blue (B) pixel 13B, the green (Q) pixel 1 3Q and the red (R) pixel 13R have the same protrusion interval 
m but different protrusion widths I. The effect is the same as that of the 27th emkxKliment. 

Fig. 117 is a diagram showing a protrusion pattern according to an 29th embodiment of the invention. In the 29th 
embodiment, the protrusion interval m in each pAxB\ is set to a snrudl value ml in the upper and lower regions near to 
the gate bus line and a large value m2 at the central region. In the neighborhood of a bus line such as the gate bus line 

30 or the data t>us line, a domain may occur at the time of driving and the liquid crystalline molecules fall into a stale not 
suitable Ibr display due to the electrical field vector, thereby deteriorating the display quality. According to the eigtrth 
embodiment, the protrusion interval is narrowed in the region near to the gate bus line thereby to make it difficult for the 
gate bus line to be affected by the electrical vector. As a result, the generation of an undesirable domain is suppressed 
for an improved display quality. However, a narrower protrusion interval reduces the numerical aperture accordingly and 

35 darkens the display. From the viewpoint of numerical aperture, therefore, a larger protrusion intenml is recommended. 
The protrusion pattern according to the eighth embodiment can minimize the reduction in numerical aperture and 
reduce the effM of the electrical field vector generated by the gate bus line. 

Fig. 118 is a diagram showing the pixel structure in the case where the protrusion pattern aocording to the 29th 
embodiment shown In Fig. 1 1 7 is actually reaf zed. 

40 Fig. 11 9 is a diagram showing a protrusion arrangement aocording to a 30th embodiment. As shown tn Fig. 1 1 9, in 
the 30th embodiment, the protrusion height is changed gradually. 

Fig. 120 is a diagram showing the change that the relation between the applied voltage and the transmittance 
undergoes when the protrusion height is changed, Fig. 121 the change that the relation between the applied voHage 
and the contrast undergoes when the protrusion height is changed, Fig. 122 the change of the transmittance in white 

46 level with respect to the protrusion height, and Rg. 123 the change of the transmrttance in black level with respect to 
the protrusbn height These diagrams show the result of measuring the transmittance and the contrast in test equip- 
ment with the width and interval of the retist lor fbitning the protrusion set to 7.5 ^m and 15 ixm. respectively, the cell 
thickness to about 3.5 \»n\» and the resist height to 1 .537 nm, 1 .600 nm, 2.3099 nm and 2.486 nm. 

This measurement shows that the transmittance of white level (with 5 V applied) increases with the resist height. 

50 This is considered due to the fact that the protrusion playing an auxiliary role in tilting the liquid crystal is so large that 
the liquid crystal is positively fallen. The transmittance (leakage light) in black level (without any applied voltage) also 
irxsreases with the protrusion height This is not desirable as it works to deteriorate the black level. The contrast (ratio 
between white luminance and black luminance) decreases with the protrusion height. It is therefore desirable to use a 
masking material for the protrusion and not to increase the protrusion height excessively. 

SB Any way, the orientation of the crystal liquid can be changed by changing the protrusion height, and therefore a 
superior display is made possible by changing the protrusion height for each color pixel and thus adjusting the color 
characteristic, or by setting the protrusion height appropriately in accordance with the distance from the bus line. For 
the R pixel, for example, the protrusion height is increased, and decreased for the Q pixel and the B pixel in tliat order. 
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or in each pixel* the protrusion height is increased in the neighborhood of the Ixjs line and lowered at the central portion. 

Tlie inventor has confirmed that the saeen di^la/ can be accomplished without any problem wen when the pro- 
trusion height is increased to the same level as ttie cell thickness. As a result, the protrusion height is set to the same 
level as the cell thickness as shown in Fig. 124A, or protrusions are formed at the opposed positions on the two sub- 

5 strates as shown in Fig. 1 24B so that the sum of the heights of the two proftrusions is the same as the cell thickness. In 
this way, the protrusion can play the role of a panel spacer. 

Figs. 125A and 125B are diagrams showing a protrusion pattern according to a 31th embodiment. In this embodi- 
ment, as shown in Fig. 125A, the inclination of the Me surfaces of the protrusion is defined k>y the angle 6 that the side 
surface forms with the subetrate (electrode). This angle is called the taper angle. According to the tenth embodiment, 

10 assume that the taper angle e of the protrusion 20 can take several values as shown in Fig. 1 25B. Generally, the larger 
the taper angle e, the more satisfactory the orientation into which the liquid crystalline molecules fall By changing the 
taper angle 0, therefore, the orientation of the liquid crystal can be changed. Thus, a superior display can be made pos- 
sible by changing the taper angle for each color pixel to adjust the color characteristic or by setting a proper taper angle 
0 in accordance with the distance from the bus line. For example^ the taper angle e is set large for the R pixel, and 

i& decreased for the G pixel and the B pixel in that order. Also, the taper angle 8 is increased in the neighborhood of the 
bus tine and decreased at the central portion in a pixel. 

As described above with reference to the sixth to tenth emt>odiments, the orientation regulation force of the protru- 
sion Is changed by changing the protrusion Interval, protrusion width, protrusion height or taper angle. It is therefore 
possible that these concfitions are differentiated within a pixel or with different color pixels to partially differentiate the 

20 orientation regulation fbrce of protrusions and thus to assure the viewing angle characterietic or response rate of the 
liquid crystal as near to the ideal ones as possible. 

Retardation of the liquid crystal depends on the wavelength as shown in Fig. 113. Therefore, an embodiment of the 
liquid crystal panel which improves luminance of white display on the basis of this feature and accomplishes a high 
response speed for all the color pixels will be explained. 

26 First, wavelength dependence of the VA system will be explained briefly Fig. 1 26 8fx>w8 the change of a twist angle 
of a liquid crystal layer due to the application of a voltage when a vertical orientation (VA) system liquid crystal display 
panel using a liquid crystal having negative dielectric anisotropy (n type liquid crystal) is provided with the twist angle. 
When no voHage is applied, the liquid crystal is oriented in a direction of 90 degrees on the surfeice of one of the sub- 
strates and in a direction of 0 degree on the surface of the other substrate, so that the twist of 90 degrees is attained. 

30 When the voltage is applied under this state, only the liquid crystalline molecules in the proximity of the surface of the 
substrate undergo twisting in such a manner as to follow the anchoring energy of the substrate surface, but twisting 
hardly occurs in other layers. Therefore, the mode does not substantially change to the rotatory polarization mode (TN 
mode) but to the birefringence mode. Fig. 1 27 shows the change of relative luminance (transmittance) to the change of 
the retardation And (d; pm) in both the TN mode and the birefrlgence mode. As shown in the graph, the birefringence 

36 mode exhibits sharper transmittance characteristics to And of the liquid crystal than the TN mode. As described above, 
the vertical orientation liquid crystal using the n type liquid crystal executes t>lackdisplay when no voltage is applied and 
white display when the voltage is applied, by using the polarizer plate as the cross-Nicol. 

Fig. 128 shows the change of the transmittance to the chcuige of And at each wavelength (R: 670 nm, G: 550 nm, 
B: 450 nm). It can be appreciated from this graph that when the thickness ol the Ik^uld crystal layer Is set to And at which 

40 luminance in white display attains the maximum, that is. to And at which the transmittance attains the maximum at the 
wavelength of 550 nm. the transmittance at 450 nm becomes excessively low. Therefore, the thickness of the liquid 
crystal layer is set to a value smaller than the thickness determined from maximum luminance so as to restrict coloring 
in white display. Therefore, luminance in white display is lower than that of the TN mode, and in order to obtain white 
luminance equivalent to that of the liquKl crystal display panel of the TN mode, back-light luminance must be increased. 

46 To increase this back-light luminance, liowever, power consumption of illumination must be increased, and the range of 
application of the panel is limited. When the thickness of the liquid crystal layer is inaeased by laying stress on white 
luminance, the transmittance becomes excessively low at 450 nm in comparison with the TN mode, and the panel is 
colored yellow in white display. 

To enlarge the viewing angle range, on the other hand, it has been customary to add a phase difference film, but 

so when the thickness of the liquid crystal layer becomes great, the color change in the direction of the critical angle (trans- 
verse direction) becomes so great that even if the retardation value of the phase difference film is the same, the color 
difference becomes greater. 

In the 32th embodiment, the thickness of the liqukJ crystal layer of each color pixel is individually set so that the 
transmittance k>ecomes maximal when the driving voltage is applied. However, when the thickness of the liquid crystal 
55 layer is different, a difference occurs in the response speed and the color tone cannot be displayed conrecUy when the 
operation display is candied out. TTierefbre, when the thickness of the liqukJ crystal layer is set to a different value fbr 
each color pixel, means for making uniform the response speed of the liquid crystal becomes necessary. 

Fig. 1 29 shows the change of the liquid crystal response speed to the gap of the protrusions or the slits when And 
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of the liquid crystal layer is set so that the maximum transmittanoe can be obtained at the three tonds of wavelengths 
described above. The liquid crystal response speed becomes lower as the thickness of the liquid crystal layer becomes 
greater. In the VA system LCD panel wNch oontrols the orientation k^y using the protrusion, the liquid crystal response 
speed changes with the dielectric constant ol the protrusion, the shape of the protrusion, the protmsion gap, and so 

5 forth. However, when the dielectric constant, the shape of the protrusion and its height are constant, the response 
speed becomes higher when the gap of the protrusions is narrower. It can be appreciated that to obtain the liquid aystal 
response speed of 26 ms. for example, in Fig. 129, the gap of the protrusions or the slits must be set to 20 ^m for the 
R pixel, 25 fim for the G pixel and 30 ^ for the B pixel. 

Fig. 130 shows the change of the aperture ratio with respect to the protrusion or slit gap. When the gap of the pro- 

10 trusions or the slits is set to 20 |im for the R pixel, 25 ^ for the Q i»xei and 30 lon for the B pbmH from Fig. 129 the 
transmittance is 80%, 83.3% and 85.7%. respectively, and the differences occur in the transmittance. 

In view of this point the 32nd embodiment individually sets the thickness of the liquid crystal layer of each color pixel 
so that the transmittance attains the maximum when the driving voltage is applied, the response speed in each color 
pixel is rendered coincident by regulating the gap of the protrusions, and the area of each odor pixel is changed eo that 

16 the transmittance becomes coincident. 

Fig. 131 shows the panel structure of the 32nd embodiment. As shown in this drawing, a structure 71 not having 
the R pixel portion but having the Q pixel porton having a thickness of 0.55 iim and the B pixel porton having a thick- 
ness of 1 .05 ^ is provided to both substrates 1 6 and 1 7. Hie optlnrum condition Is calculated fbr this thickness by sim- 
ulation for the VA system birefringence mode using the n type Bquld crystal. Further, the height of the protrusion 20A is 

20 set to 2.45 ^m fbr the R pixel, 1 .9 urn tor the Q pixsA and 1 .4 ^m tor the B pixel. Further, the gap of the protrusions is set 
to 20 yon for the R pixel, 25 ^m for the G pixel and 30 ^m for the B pixel. The area ratio of the B pixel: G pixel: R pixel is 
set to 1 :1 .03:1 .07. In other words, the pixel areas are so set as to satisfy the relation R pixel > Q pixel > B pixel. 

The structure 71 uses an acrylic resin, and after a resist is applied to a thickness of 1 .4 for the B pixel, a pro- 
trusion having a width of 5 '^m is formed by photolithography. After a vertical alignment film is applied, a 3.6 \im spacer 

26 is sprayed to form a seal , and after bonding and curing of the seal, the liquid crystal is charged. In this way, the thtekness 
of the liquid crystal layer is 5.7 ^m for the R pixel, 4.6 ^m fbr the G pixel and 3.6 ^m for the B pixel. 

Fig. 1 32 shows the panel structure of a modification of the 32th emkxKiiment, wherein a protrusion is formed on the 
OF suk>strate 1 6 and a slit 2 1 is formed on the pixel electrode 1 3 of the TFT substrate 1 7. In tfils modification, an acrylic 
resin structure 71 not having the R piswl portion but having the G pixel portion having a tNckness of 1.1 iinn and the B 

30 pixel portion having a thickness of 2.1 pin is provided toihe OF sut)strate 16. After a resist is applied to a thickness of 
1 .4 ^m for the B pixel, a protrusion having a width of 5 ^m is formed fay photolithography. As a result, the height of the 
protrusion is 3.5 for the R pixel, 2.5 for the G pixel and 1 .4 ^ for the B pixel. TTie gap between the protrusion 
20A and the slit is set to 20 ^ for the R pixel, 25 ^m for the G pixel and 30 ^um for the B pixel. The area ratio of the B 
pixel.'Q pixel :R pixel is set to 1 :1 .03:1 .07. 

55 A biaxial phase difference film (retardation value: 320 nm) in match with nd of the liquid crystal layer of the G pixel 
is added to the panels of the 32th embodiment and to its modification produced in the manner described akx>ve, and 
the color difference is measured for each of the panel transmittance. the viewing angle and the critical angle direction 
(0 to 80 degrees). The results are shown in Rg. 249. By the way, the measurement results obtained by changing the 
thickness of the liquid crystal layer in the prior art example are also shown In Fig. 249 as the reference values. 

40 As can be appreciated from Rg. 249 the transmittance (luniinance) in front can be increased by inaeasing the 
thickness of the liquid crystal layer to improve the transmittance as represented by the prior art example 1 , but because 
the length of the optical path gets elongated in the direction of the critical angle, the transmittance of the square wave- 
length fluctuates greatly and the color difference becomes great. In contrast, in the panels of the 32th embodiment and 
its nfxxJification, the gap of the protrusions or the slits is narrowed for the R and G pixels so as to make uniform the 

46 response speed of the liquid crystal, and the transmittance becomes lower than that of the prior art example 2 as the 
aperture ratio is lower, ftonetheless, because the thickness of each liquid crystal layer is set so that the transmittance 
attains the maximum when the driving current is applied (white display), the cofor difference in the direction of the crit- 
ical angle becomes small. 

The panels according to the 32th emtxxlimsnt and its modification can brighten white lumincmce to the level equal 
60 to the TN mode without causing coloration of the panels in the broad range of the viewing angles. Because the liquM 
crystal response speed is made uniform so as to correspond to the thickness of each liquid crystal layer, display can be 
obtained with high color reproducibility even when dynamic image disfi^ay is made. 

Next, processes for forming protrusions will be described. 

Wfhen protrusions are formed on electrodes 12. 13 of a CF suk)strate 16 and a TFT substrate 17, the electrodes of 
66 ITO film are formed, then, a resist is coated on the surfeces and is patterned with a photolithography This process is 
easily carried out by uting conventional techniques. 

However, this process needs a step of creating the pattern of protrusions. Iff protrusions can be formed on the TFT 
substrate by utilizing the conventional process as it is, an increase in number of steps can be avoided. Fbr fornning insu- 



37 



EP0 884 626 A2 



tating protrusions, it is thought that an insulating layer used in the conventional process is further patterned in order to 
leave the pattern of protrusions intact. I=br aeating conducting protmsions, a conductive layer used in the conventional 
process Is further patterned In order to leave the pattern of protrusions intact 

Fig. 133 is a diagram showing the structure of a TFT substrate in the 33th embodiment. TTie thirteenth 33th pro- 

5 vides a structure in which an insulating layer used in the conventional process is utilized lor creating insulating protru- 
sions. In this structure, the ITO electrodes 13 are formed first. An insulating layer is formed on the ITO electrodes and 
portions of the insulating layer coincident with the ITO electrodes 1 3 are removed. At this time, portions of the insulting 
layer coincident with protrusions 68 are left intact. The gate electrodes 31 are then fbrmed. An insulating layer is formed 
and portions off the insulating layer other than necessary portions are removed. At this time, if the protrusions are 

w required to have a certain thickness, portions of the insulating layer coincident with the protrusions 68 are left intact. 
Thereafter, data bus lines and TFTs are formed in the same manner as a conventional process. In the drawing, refer- 
ence numeral 41 denotes a drain (data bus tine), 65 denotes a channel protective film, 66 denotes a wiring layer used 
to separate devices, and 67 denotes an operating layer for transistors. The ITO electrodes 13 and sources are linked 
by holes 

16 Figs. 134A and 134B are diagrams showing examples of a pattern of protrusions manufactured according to the 
process described in conjunction with the 33th ervtfxxliment. Fig. 134A shows linear and parallel protrusions used to 
divide an orientation-divided domain into two regions, and Fig. 134B shows zigzag protrusions used to divide an orien- 
tation-divided domain into Ibur regions. In the drawings, reference numerals 68 denotes a protrusion, and 69 denotes 
a pixel. 

20 Fig. 135 is a diagram showing the structure of a panel of the 34th embodiment. The 34th emt>odiment provides a 
structure in which a conductive layer used in the conventional process is utilized for forming conducting protrusions. In 
this structure, first, a TFT light-interceptive metallic layer 70 for intercepting light from TFTs is formed, an insulating layer 
is formed on the metallic layer 70, and ITO electrodes are formed thereon. An insulating layer is formed further thereon, 
data bus lines and TFTs are then fbrmed, and an insulating layer is fbrmed further thereon. A layer of gate electrodes 

25 31 is then fbmied. The insulating layer is removed except portions thereof coincident with the gate electrodes. At tiiis 
time, portions of the insulating layer coincident with the protrusions 20B are left intact 

Figs. 136A and 1 36B show examples of a pattern of protrusions manufactured as desaibed in conjunction with the 
34th embodiment Rg. 136A shows linear and parallel protrusions used to divide-an orientation<livided domain into two 
regions, and Fig. 136B shows zigzag proti-usions used to divide an orientation-divided domain into four regions. In the 

30 drawings, reference numeral 208 denotes a protrusion. Reference numeral 35 denotes a CS electroda The C8 elec- 
trodes 35 are extending along the edges of pixel electrodes so as to work as black matrices, but are separated from the 
protrusions 20B. This is because the CS electrodes 35 apply a certain voltage to the pixel electrodes (ITO electrodes) 
13. and that if the voltage were applied to the protrusions 20B, alignment of liquid crystalline molecules woukJ be 
adversely affected 

3$ Figs. 137A to 137D show a process for manufacturing the TFT substiate of the panel of the 35th embodiment. As 
shown in Fig. 137 A, the gate electrode 31 is patterned on the glass suk)strate 17. Next, the SiNx layer 40, the anrKsr- 
phous silicon (a-Si) layer 72 and the SiNx layer 65 are serially formed. Further, as shown in Fig. 137B, the SiNx layer 
65 is etched to the a-Si layer 72 in such a fashion as to leave only the portion of the channel protecting film. The n**" a- 
Si layer and the Ti/AI/n layer corresponding to the data bus line, the source 41 and tiie drain 42 are formed, and etching 

40 Is then so made by patterning as to leave only the portions corresponding to the data bus line, the source 41 and the 
drain 42. After tfie SiNx layer corresponding to tiie final protecting film 43 is formed as shown in Fig. 137D, etching is 
then made to the surface of the glass substrate 1 7 in such a manner as to leave ttie portions 43B and 40 B conrespond- 
ing to the portion necessary for insulation and to the protrusions. At this time, the contact hole of the source electrode 
41 and the pixel electrode is formed simultaneously, too. Further, the ITO electrode layer is formed and patterned, 

46 thereby forming the pixel electrode 13. Therefore, the height of the protrusion is the sum of the SiNx layer 40 and the 
final protecting film 43. 

Rg. 138 shows the structure of a modification of the panel of tiie 35th embodiment and when the SiNx layer cor- 
responding to the final protecting f am 43 is etched, etching is made up to the upper surtace of the SiNx layer 40. There- 
fore, the height of tine protrusion is the thickness of the final protecting film 43. 

60 Figs, 139A to 139E show a process for ntanufacturing the TFT substrate of the panel of tiie 36th ent>odiment. As 
shown in Fig. 139A, the gate elecfa-ode 31 is patterned on the glass substirate 1 7. Next, the ITO electrode layer is fbrmed 
and patterned to form the pixel electrode 13. The SiNx layer 40, the amorphous silicon (a-Si) layer 72 and tiie Sit^ 65 
are serially formed as shown in Fig. 1 39B. Further, the SiNx layer 65 is etched to the a-Si layer 72 in such a fashion 
as to leave only the portion of the channel protecting film. The n*^ a-Si layer is furttier fbrmed. As shown in Fig. 139C, 

55 etching is then made up to the surface of tiie pixel electrode 13 in such a fashion as to leave the necessary portions 
and the portion 40B corresponding to the protrusion. The Ti/AI/Tl layer corresponding to the data bus line, the source 
41 and the drain 42 is formed as shown in Fig. 139D, and is then patterned in such a fashion as to leave only the por- 
tions corresponding to the data bus line, the source 41 and the drain 42. The n*^ a-8i layer and the ot-Si 72 are etched 
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by using the data bu8 line, the source 41 and the drain 42 as the mask. After the SiNx layer corresponding to the final 
protecting film 43 is fomned as shown in Fig. 13gE, etchmg is made up to the surface of the pixel electrode 13 in such 
a fashion as to leave the portion necessary for insulation and the portions 43B and 40B corresponding to the protru- 
sions. 

s The explanation predetermined at)ove explains the embodiments relating to the manufacture of the protrusion 20 B 
on the side of the TFT substrate 1 7. but there are various modifications depending on the structure of the TFT substrate 
17, and the like. In any case, the production cost can be reduced by manubcturing the protrusion by oonjointly using 
the manufacturing process of other portions of the TFT subetrate 1 7. 

As has been explained already, the protnision off the dielectric material dispoeed on the electrode hae the advan- 

10 tage that stable orientation can be obtained because the direction of regulation of the orientation by the slope coincides 
writh the direction of regulation of the orientation by the electric field at the protrusion portion. However, the protrusion 
is the dielectric nnaterial disposed on the electrode and the alignment film is formed on the protrusion. For this reason, 
the inside of the liquid aystal cell becomes asymmetric between a pair of electrodes, and the charge is likely to stay 
with the application of the voHage. In consequence, the residual DC voltage becomes high, and the problem of so-called 

16 "burn** occurs if the area of the projection is relatively large. 

Figs. 140A and 140B show the relationship between the thickness of the dielectric material on the electrode and 
the residual DC voltage. Fig. 140 A is a graph showing this relationship and Fig. 140B shows the portion corresponding 
to the thickness d off the dielectric material and the position of the oocunence of **burn". The vertical alignment film 22, 
too, is the dielectric material, and the sum off the height of the protrusion and the vertical alignment film 22 corresponds 

20 to the thickness d of the dielectric material as shown In Rg. 140B. The residual DC voltage Increases with the inaease 
of d as shown in Fig. 140A. Therefore, burn is likely to occur at the portion of the protrusion 20 shown in Fig. 1 40B. Thie 
also holds true of the case where the dielectric depression is formed on the electrode as in the eighteenth embodiment 
shown in Fig. 93. The 37th embodiment to be explained next is directed to prevent the occurrence of such a problem. 
Figs. 1 41 A and 1 41 B show the structure of the protrusion in the 37th emtxxliment. Fig. 1 41 A is a perspective view 

26 Of the protrusion 20 and Rg. 141 B is a secttonal view. As shown in these drawings, the protrusion 20 has a width of 7 
^m, the width of its upper surface is about 5 ^im and its height is about 1 to 1 .5 ^m. A large number of fine pores are 
formed on this upper surface, and each fine pore has a diameter of not greater than 2 ^m. 

Figs. 1 42 A to 1 42E are drawings showing a method of forming the protrusion (on the side of the CF substrate} hav- 
ing such fine pores. As shown in Fig. 142A, the glass substrate having the opposed electrode 12 of the ITO film formed 

30 thereon is washed. A photosensitive resin (resist) is applied and is then baked to form a resist layer 351 as shown in 
Fig. 1 42B. A mask pattern 352 permitting light to transmit through the portions other than the protrusion and the pore 
portions is brought into close contact with the resist layer 351 and then exposure is effected. The protrusion 20 shown 
in Fig. 142D is obtained by then carrying out development. When k>aking is made further, the protrusion 20 undergoes 
shrinkage, and the side surface changes to the slope as shown in Fig. 142E. 

35 When the substrate having the fine pores formed in the protrusion described above and the sut>strate not having 
the pores are assembled and the residuat DC voltage is measured by a flicker erasure method (DC: 3 V, AC: 2.5 V, tem- 
perature: 50 C, DC application time: 10 minutes), the resMual DC voltage is 0.09 V when the fine pores are formed and 
is 0.25 V when they are not formed. BecEUJse the residual DC voltage ie reduced in this manner, seizure becomes more 
difficult to occur. 

40 The liquki crystalline molecules are oriented perpendiculariy to the slopes of the protrusions, etc, and to the electric 
fieM. It has been found out, however, when the gap of the protrusions becomes smaller to the size approximate to the 
fine pores, the liquid crystalline molecules are not oriented to the slope of the fine portions. Therefore, the liquid crys- 
talline molecules are affected at the upper surface portion of the protrusions by the influences of the orientation due to 
the slopes on both sides and are oriented along this orientation. 

46 Fig. 143 shows the protrusion structure o1 the 38th embodiment. In the 3Bth embodimenti a groove having a width 
of 3 urn and a small thickness is disposed below the protrusion 20B having a width of 7.5 |im on the TFT substrate side. 
Further, a chromic shading layer 34 is disposed bekyw the protrusion 20B. Such a protrusion 20B can be manufactured 
by the same method as that of the 37th embodnnent. When the reskiual DC voltage is measured for the protrusion 
structure off the 38th embodiment, it is 0.10V, and the result substantially equal to that of the 37th embodiment can be 

60 obtained. 

In the protrusion structure of the 38th embodiment, the lw|uid crystalline molecules are not oriented at the groove 
portion in the direction perpendicular to the euk>strate when no voltage is applied, and the vertical orientation property 
gets deteriorated in some cases. However, because the shading film 34 is disposed, leaking light due to abnormal ori- 
entation at this portion is cut off and does not invite the drop of the contrast. 
65 Next, the shape of a section of a resist was examined. Normally, the resist has a section like the one shown in Rg. 
144A immediately after completion of patterning. However, in the mode of the present invention, a cylindrical section 
having a rather smooth slope contributes to more stable alignment. Substrates immediately after being patterned were 
baked at 200*'C, whereby the sectional shape of the resist was changed into the one shown in F^s . 1 44B. Rgs. 1 45 A to 
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145E are diagrams showing a change in sectional shape of the resist deriving from a change In temperature at which 
the patterned resist is baked. Even when the t)al<ing temperature was rased to 150*^0 or more, a further change in sec- 
tional shape was limited 

Talking of the reasons why the resist was baked at aoo^'C, aside from a reason that the sectional shape of the resist 

5 is intended to be changed, there is another important reason. That is to say, when the resist employed in the prototypes 
is baked normally (at ISS^'C for 40 min.). it is melted while reacting upon a solvent applied to an alignment film. In this 
embodiment, the resist is baked at a high enough temperature before the alignment f Dm is formed, and thus prevented 
from reacting Mpon the alignment film 

In the first embodiment, the resiet is baked at 200°C in order to make the sectional shape of the resist cylindrical. 

10 Data that has been described so far was acquired using the pattern of protrusions whose sectional shape is cylindrical. 
In the foregoing exanples, the sectional shape of a resist is made cylirKlrical by optimizing the baking temperature. 
Depending on the line wkith of a resist, the resist becomes cylindrical naturally. Figs. 146A to 146C are diagrams show- 
ing the relationships between the line wkfth of a resist and the sectional shape thereof. When the line width is about 6 
micrometers, the resist has a preferable cylindrical shape naturally. Presumably, therefore, when the line wkith is atx>iit 

16 7 micrometers or less, a resist having a naturally cylindrical sectional shape can be formed. In an existing display, the 
line width of 5 micrometers can actually be adopted. Depending on the performance of an exposure device, even when 
the line width is in the unit of submicrons, the same alignment can be thought to be attained in principle. 

When a protrusion is used as the domain regulating means, furthermore, it becomes necessary to fbrm a vertical 
alignment film thereon. Figs. 147A and 147B are sectional views of a conventional panel using protrusion as a domain 

20 regulating means, and illustrates the protru8k>n. Referring to Fig. 147A, on the substrates 16 and 17 are fbrmed color 
fitters and bus lines as well as ITO electrodes 12 and 13. Protrusions 20 A and 20B are fbrmed thereon, and vertical 
alignment films 22 are formed on the ITO electrodes 1 2 and 13 that include the protrusions 20A and 20B. 

When the protrusion is formed by using the poative-type photoresist such as a TFT flattening agent HRC-1 35 rrein- 
jfiactured by JSR Co. the surface exhibits poor wettability to the vertical alignment film, expels the material of the verti- 

26 cal alignment film that is applied, and makes it diflicult to form a vertical alignment film on the surface of the protrusion. 
Fig. 147B shows this condition. Therefore, it causes a problem in that no vertical alignment film 22 is formed on the sur- 
faces of the protrusione 20A and 20B. The protrusions 20A and 20B having no vertical alignment film 22 formed on the 
surfaces thereof, do not help obtain a desired orientation. Therefore, light-leakage occurs from the protrusions to dete- 
riorate the quality of display. A 39th embodiment is to solve this problem. 

30 According to the 39th embodiment, the surface of the protrusion is treated so tfmt the material of the vertical align- 
ment film easily adheres onto the surface of the protrusion. As the treatment for enabling the material of the vertical 
alignment film to easily adhere to the surface of the protrusion, it can be contrived to fbrm fine ruggedness on the sur- 
face of the protrusion so that the material of the alignment film can be favorably applied thereto, or the wettability of the 
surface of the protrusion can be enhanced relative to the material of the vertical alignment film. When fine ruggedness 

36 is fbrmed on the surface of the protrusion, the liquid of the alignment film stays in the concave portions, and the material 
of the alignment film is less expelled tsy the surface of the protrusion. The ruggedness can he formed by either a chem- 
ical treatment or a phystoal treatment. As the chemtoal treatment, ashing can be effectively employed. 

Figs. 146 A to 148C ars diagrams illustrating a method of fbrming protrusions according to a 39tti emkxxliment 
based on the ashing treatment. Referring to Fig. 148Ap a protrusion 20 is fbrmed by using the photoresist on the elec- 

40 trode 13 (which, in this case, is a pixel electrode 13 but may be an opposing electrode 12). The protrusion 20 has the 
shape of. for example, a stripe of a wkfth of 10 ^ and a height of 1 .5 pm. The protrusion is annealed to assume the 
shape of a dome in cross section. The surface of protrusion on the sut>strate is subjected to the ashing treatment using 
a conventional plasma asher. Through the plasma ashing, fine dents are formed on the surface of tiie protrusion as 
shown in Fig. 148B. The thus otjtained substrate is washed, dried, and onto which a vertical orientation member is 

46 applied by using a printer. Due to the effect of ruggedness fbrmed on the protrusk>n, the orientation member is not 
expelled, and a vertical alignment film is formed on tiie whole surface of the protrusion as shown in Fig. 146C. There- 
after, the processing is executed in the same manner as tiiat of the ordinary multi-domain VA system. The thus obtained 
lk)UMl crystal display device exhibits fcivorable display properties without defect that stems from the expulsion of the 
alignment film. 

60 Anotiier example of the ashing treatnrrant will be an ozone ashing treatment exhibiting the same effect as that of the 
plasma ashing treatment. 

As a physical method of forming ruggedness^ the sut)strate is washed with a brush by using a substrate washing 
machine after the protrusion has been annealed. This forms ruggedness in the fbrm of stripes on the protrusion. Other 
examples of the method of physically forming ruggedness include effecting the rubbing by using a rut>bing device as 
66 showvn in Fig. 149A, and transferring ruggedness of a roller 103 t3y pushing the rugged roller 103 onto the sut>strate on 
which the protrusion 20 has been fbrmed as shown in Fig. 149B. 

Fig. 150 is a diagram illustrating tiie irradiation with ultraviolet rays in order to enhance the wettability of the surface 
of the protrusion relative to the material of the vertical alignment film. As described above, a protrusion 20 same as tiiat 
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of Figs. 148C is fbrrned on the substrate by using a photoresist. By using an excimer UV irradiation api>aratus, the sub- 
slrate is irradiated with ultraviolet rays of a main wavelength of 172 nm in an environment in which an oxygen ooncen- 
tration is not lower than 20% in a dosage of 1000 mj/cm^. TTils helps improve the wettability of the surftices Of the 
substrate and of the protrusion relative to the material of the vertical alignment film. The thus obtained substrate is 

5 washed, dried, and is cxxited with the vertical orientation member by using a printer. Since wettability has been 
improved by the in'adiation with ultraviolet rays, the orientation material is not expelled, and the vertical alignment film 
is formed on the whole surface of the protrusion. Thereafter, the processing is carried out in the same manner as that 
of the ordinary multi-domain VA system. TTie thus obtained liquid crystal display device exhibits favorable display prop- 
erties without defect that stems from the expulsion of the alignment film. 

10 Figs. 151Aand ISIBaregraphsillustratirQachangeintheejqaulsionfectorofthemateriaioftheverticalalig^ 
film of when the conditions are changed in which the protrusion formed of a photoresist is in^adiated with ultraviolet rays. 
Fig. 1 51 A is a graph illustrating a relationship among the wavelength, dosage (radiation quantity) and expulsion factor 
(repellent occurrence ratio). Ultraviolet rays having a wavelength of not longer than 200 nm are effective. When the 
wavelength is longer than 200 nm, the improvement is accomplished to only a small degree. When the ultraviolet rays 

15 have a wavelength of not longer than 200 nm, furthermore, no expulsion (repellent) occurs with the dosage of 1000 
mJ/cm^. Fig. 151 B is a graph illustrating a relationship between the oxygen concentration and the expulsion factor of 
when the protnision is irradiated wHh ultraviolet rays having a wavelength of not longer than 200 mn with a dosage of 
1000 mJ/cm^. In an environment where the oxygen concentration is low, ozone is not generated In sufficient amounts 
and the innprovement is accomplished little. It is therefbre desired that the protrusion is in^diated with ultraviolet rays 

20 having a wavelength of not longer than 200 nm in an environment in which an oxygen concentration is not lower than 
20% with a dosage of not smaller than 1000 mJ/cm^. 

As an apparatus for generating ultraviolet rays having a wavelength of not longer than 200 nm, there can be used 
a low-pressure mercury lamp in addition to the above-mentioned excimer UV irradiation apparatus. 

In the atx>v6-mentioned processing, the substrate was washed and dried after irradiated with ultraviolet rays. How- 

26 ever, the substrate may be irradiated with ultraviolet rays after it has been washed and dried. In this case, since the pro- 
trusion is inadiated with ultraviolet rays just prior to printing an alignment film thereon, wettability Is not impaired by 
being left to stand after it Is inadiated or by washing. 

Repellence on the protrusion can be drastically improved if a silane coupling agent, an alignment film solvent, etc, 
are applied before the alignment film is aisplied. and then the alignment film is formed. Mors concretely, the sut)6trate 

30 is baked (armealed) and the shape of the protrusion is turned into the semicylindrical shape as shown in Rg. 146. After 
this substrate Is washed, hexamethyldlsilane (HMDS) is applied by using a spinner. A vertical orientation material is 
applied to the substrate by using a printing press. In this way, the vertical alignment film Is satisfactorily formed on the 
surface of the protrusion. Incidentally, N-methylpyrrolidone (NMP) may be applied in place of HMDS. Further, printing 
of the vertical alignment film may be carried but In a sealed NMP atmosphere and in this case, too, the vertical align- 

35 ment film can be formed satisfactorily on the surface of the protrusion. Various solvents are available as the solvent to 
be applied before the formation of the vertical alignment film, and gamma-butyrolactt>ne, methyl cellosolve, etc as the 
solvent of the alignment film can be used, for exanple. 

Figs. 1 52A to 1 52C are explanatory views useful fbr explaining an example of the production method off the protru- 
sion in the 39th embodiment, and represents an example wherein the protrusion is fbrmed by a material dispersing 

40 therein fine particles (particulates) (example of the CF substrate side). As shown in Fig. 1 52A a positive type photosen- 
sitive resin (resist) 355 containing 5 to 20% of fine alumina particles having a grain size of not greater than 0.5 \xn\ in 
mixture is applied onto the electrode 12. The resist 355 is exposed and developed by using a photomask 356 which 
shades the protrusion portion, as shown in Fig. 1528. After baking is carried out. a protrusion 20A shown in Fig. 152C 
can be obtained. The fine alumina particles 357 protrude from the surface of this protrusion 20A and fftll off from the 

46 surface to form holes. In other words, fine concave-convexities are formed on the eurbce of the protrusion 20A. For this 
reason, wettability can be improved when the vertical alignment film is applied. 

To increase the nutvber of concave-convexities on the surtace of the protrusion in the embodiment descra>ed 
above, the proportion of the fine alumina partnles to be mixed with the resist must be increased. When the proportion 
of the fine alumina particles exceeds 20%, however, the photosensitivity of the resist drops and patteming can not be 

60 earned out by exposure. Figs. 153A to 153C show a method of marutacturing the protrusion when the number of the 
concave-convexities on the surface of the protrusion must be increased. 

A non-photosensitive resin containing a great proportion of fine alumina particles 357 having a grain size of not 
greater than 0.5 is applied onto the electrode 12 as shown in Fig. 153A. Further, as shown in Fig. 153B. a resist is 
applied to the surface of the resin, and exposure and development are carried out by using a photomask 358 shading 

55 the protrusion portion. Because the resist remains at only the portions conresponding to the photomask 358, the non- 
photosensitive resin at portions other than the protrusion portion Is removed by etching. When baking is canried out fur- 
ther, the protrusion 20A can be obtained as shown in Fig. 153C. The concave-convexities are formed similarly on the 
surface of the protrusion 20A but because the proportion of the fine alumina particles 357 mixed is great, a laige 
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number of concave-convexities are formed, and wettflbilrty can be much more improved than in the embodiment shown 
in Fig. 154 when the vertical afignment film is applied. 

Figs. 154A and 154B show another manufacturing method of the concave-convexities on the surface of the protru- 
sion by the fine particles. In this example, after the resist 360 is applied to the surface of the electrode 12, the fine alu- 

5 mina particles 361 are sprayed and allowed to adhere to the surface of the resist 360, followed then by pre-baking. 
Thereafter, the protrusion is patterned in the same way as in the prior art, and the protrusion 20A shown in Fig. 154B 
can be obtained. When this protrusion 20A is washed, the fine alumina partides 361 exist on the surface of the protru- 
sion 20 A and fall off from the surf&ce to define the holea In consequence, the concave-convexities are formed. 

Figa 155A and 155B are explanatory views useful for explaining an example of the manufacturing method of the 

10 protrusion in the 39lh embodiment, and represents the example wherein a protrusion material is foamed to form the 
concave-oonvexities on the surface of the protrusion. The resist for forming the protrusion 20 is first dissolved in a sol- 
vent such as POME A (Propylene Glycol MonoMdthyl Ether Acetate), for example, is applied by a spinner and Is then 
pre-baked (pre-cured) at 60°C. Under this state, large quamities of the solvent remain inside the resist. Patterning is 
then carried out by exposure and development by using a mask. 

15 According to the embodiments as described above, as shown in Fig. 156 with a broken line, the temperature is 
gradually raised inside a clean oven up to 200*^0 in the course of 10 minutes, is held at this temperature for longer than 
75 minutes and is gradually returned to the normal tenperature in the course of 10 minutes. In contrast, according to 
this embodiment, as shown in Fig. 156 with a continuous line, the substrate is placed on a hot plate at 200''C and is 
heated for 10 minute& At this time, about one minute time is necessary to raise the suk>strate temperature to 200*'C. 

20 Thereafter, the substrate is left standing fbr cooling fbr 10 minutes to the normal temperature. When quick heating is 
carried out in this way, the solvent inside the resist is bumped and bubbles 362 are formed inskie the resist as shown 
in Fig. 155A. The butsbles 362 are emitted outside from the surface of the protrusion 20 as shown in Fig. 155B. At this 
time, the traces 363 of the bubbles are left on the surface of the protrusion, forming thereby the concave-oonvexites. 
Incidentally, when the resist dissolved in the solvent is stinred before the application and the kxjtsbles are introduced 

26 into tKe resist, foaming is more likely to occur than when the resist is quickly heated. Stirring may be carried out while 
a nitrogen gas or a carbonic acid gas is being introduced. According to this method, the bubbles of the gas are intro* 
duced into the resist and a part of the gas is dissolved in the solvent, so that formability at the time of heating increases. 
Water of crystallization which emits water at about 120 to about 200^0 or a clathrate con^xHjnd which emits a guest 
solvent m^y be mixed with the resist, too. Water is emitted from water of crystallization and changes to a steam or the 

30 guest solvent is emitted at the time of heating, and teaming is more likely to occur. A solvent or a silica gel adsotbing a 
gas may be mixed with the resist. The adsorbed solvent or the gas is emitted firom the silica gel at the time of heating 
and consequently, foaming is more lil^ly to occur Incidentally, the solid material to be mixed must be emaller than the 
height of the protrusion and its width, and must be pulverized in advance to such a size. 

The fine pores are formed in the protrusion in the 37th emt>odiment whereas the grooves are disposed in the pre- 
ss trusion in the 38th embodiment, and according to such structures, the vertical alignment film can be formed more easily 
on the surface of the protrusion. Figs. 1 57A to 157C show another method of forming the protrusion having the grooves 
such as those of the 36th emkxxJiment. 

As shown in Rg. 157A. the protrustons 365 and 366 are formed adjacent to one another by using a photoresist 
which is used for Ibrming a mk^ro-lens. The patterning shape off this micro-lens can be changed depending on the light 

40 reflection intensity, the baking temperature, tfie composition, and so forth, and when the suitable baking condition is set. 
the protrusion collapses and changes to the shape shown Fig. 157B. When the vertical alignment film 22 is applied to 
this shape, as shown in Fig. 1 57C. the vertical alignment film 22 can be formed satisfactorily because the center of the 
protrusion 20 is recessed. After the material described above is applied to a thickness of 1 .5 ^m, the protrusions 365 
and 266 are patterned to a wkith of 3 ^m and a gap of 1 iixn between the protrusions. The film is then k)aked at IdO^'C 

46 for 10 to 30 minutes. As a result, two protrusions are fused to each other to form the shape shown in Fig. 157B. A 
desired shape can be obtained by controlling the baking time. The protrusions 365 and 266 can be fused to one another 
when the height is from 0.5 to 5 the width is from 2 to 1 0 and the gap is within the range of 0.5 to 5 |im. When 
the height of the protrusions is greater than 5 ^m, this height effects the cell thickness (thickness of the liquid aystal 
layer) and impedes injection of the liquki crystal. When the width of the protrusk>n is smaller than 2 urn, on the other 

60 hand, the orientation limiting fbrce of the protrusion drops. Furthermore, when the gap between the protrusions 
exceeds 5 Mm, the two protrusions cannot be fused easily and when it is smaller than 0.5 |im, the depression can not 
be formed at the center. 

In the foregoi ng was described the treatment for improving wettability of the protrusion relative to the material of the 
alignment fim according to the 39th emkxxJiment. Here, the protrusion may have any pattern and may not be of the 
55 shape of a dome in cross section. Moreover, the material forming the protrusion is not limited to the photoresist but may 
be of any material provided it is capable of forming a protrusion in a desired shape. By taking into consideration the 
chemical or physical formation of ruggedness in a subsequent process, however, it is desired to use a material which 
is soft, is not easily peeled off and can be subjected to the ashing. The materials satisfying these conditions wiO be pho- 
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toresist, black matrix resin, colored filter resin, overcoating resin.and polyimide resin. These organic materials make it 
possible to improve (treat) the surfaces through the ashing or UV inmfiatron. 

According to the 3dth embodiment as described above, wettability of the surface of the protrusion is irrproved for 
the material of the alignment film, making it possik>le to prevent a iroutiiB in that the alignment film is not formed on the 

5 surface of the protrusion, the quality of display is improved and the yield is improved. 

In the past, a so-called black matrix is placed on the perimeter of each pixel in order to prevent deterioration of con- 
trast deriving from leakage of light passing through a region between pixels. Fig. 1 58 is a diagram showing the structure 
of a panel of a prior art provided with black matrices. As illustrated, a red filter 39R, green filter 39G, and blue filter 39B 
that coincide with red, green, and blue pixels are fbrmed on a color filter (CF) substrate 1 6, and ITO electrodes 12 are 

10 formed on the CF substrate. Furthermore, black matrices 34 are fornned on the borders among the red. green, and blue 
pixels. Data bus lines and gate bus lines or TFT devices 33 are fbrmed together with ITO electrodes 13 on a Tf=T sub- 
strate 1 7. A liquid-crystal layer 3 is interposed between the two substrates 16 and 17. 

Fig. 159 is a diagram showing the structure of a panel of the 4Qth embodiment of the present invention, and Fig. 
160 is a diagram showing a pattern of protrusions over pixels in the 40th embodiment. As illustrated, the red filter 39R, 

IS green filter 39G, and blue filter 39B are fbrmed on the CF 8ut)strate 16. As diown in Fig. 160. the protrusions 20A for 
controlling alignment, which are included in the liquid crystal panel of the first embodiment, are formed on the CF sub- 
strate 16. though they are not shown in Fig. 1 59. The protrusions 20A are made of a light-interoeptive material. Protru- 
sions 61 are formed on the perimeters of pixels. The protrusions 61 are also made off a ligtit-interceptive material and 
functkKi as black matrices. The necessity of forming the black matrices 34 like in the prior art is obviated. The protru- 

20 sions 61 functioning as black matrices can be fbrmed concurrently with the protrusions 20 A. Using this process off man- 
ufacturing, the step of creating black matrices in the course of aeating the CF sut)strate 16 can be omitted. Ref^ence 
numeral 62 denotes a TFT in each pixel. TTie protrusions 61 are designed to intercept light from the TFTs. 

In Rg. 1 59, the protrusions 20A and 61 are formed on the CF substrate 16. Alternatively, the protrusions 61 or 20 A 
or both of them may be fbnmed on the TFT substrate 1 7. Owing to this structure, a mismatch between the CF sut>strate 

26 16 and TFT suk>8trate 17 occurring during bonding need not be taken into account. Consequently, the numerical aper- 
ture of the panel and the yield of a bonding step can be improved outstandingly. Assuming that the CF substrate 16 is 
provided with black matrices, when the ITO electrodes 13 on the TFT substrate 1 7 and open portions (portions without 
the black matrices) of the CF substrate 1 6 are designed to be mutually kientical, if a bonding mismatch occurred in the 
process of manufacturing the panel, the mismatch regbn wouM cause light leakage. This disables normal display. Gen- 

30 eralty. even if a high-precision bonding machine is employed, a matching error of alxsut ± 5 micrometers (Kim) is present. 
A conresponding margin must therefore be preserved. In consideration of the margin, an aperture for each black matrix 
is designed to be smaller. Thus, the above problem is coped with. That is to say, each black matrix is designed to invade 
into an ITO electrode 13 formed on the TFT substrate 17 by ak>out 5 to 10 micrometers. When the protrusions 61 are 
formed on the TFT substrate 1 7, the panel is free from the adverse effect of the bonding mismatch. Consequently, the 

35 numerical aperture can be maximized. This advantage becomes greater as each pixel of the panel gets smaller, that is, 
as a resolution improves. For example, in this emtxxliment. a substrate having ITO electrodes of pixels of which width 
is 80 micrometers and height is 240 micrometers is employed. In any of the conventional modes, since a margin of 5 
micrometers is needed, the width and length of the aperture become 70 miaometers and 230 micrometers respectively, 
and the area of an aperture fbr each pixel becomes 16100 square micrometers. By contrast, in this embodiment, the 

40 area of the aperture for each pixel is 19200 square micrometers. The numerical aperture is improved to be approxi- 
mately 1 .2 times larger than the one permitted by the conventional mode. For realizing a display that offers twice as high 
a resolution as the one provided by the panel, the width and length of an electrode are 40 micrometers and 1 20 microm- 
eters respectively In the conventional mode, the area of the aperture fbr each pixel is 3300 square micrometers. In this 
embodiment, the area of the aperture for each pixel is 4600 square micrometers and thus improved to be approximately 

45 1 .5 times higher than the one permitted by the conventional mode. Thus, the higher the resolution is, the greater the 
advantage is. 

Fig. 161 is a diagram showing a pattern of a black matrix (BA4) according to a 41th embodiment. It was described 
alsove that light leaks at the domain regulating means. A minute domain having an orientation angle 90"* different 
located at about the top of the protrusion can be used as described above. The light leaks, however, unless a stable 
60 orientation can be secured at about the top of the protrusion. For the contrast to be improved, therefbre, the domain 
regulating means is preferably masked. One method of masking the protrusion is to form the protrusion of a light-shield- 
ing material. According to the 41th embodiment, however, the domain regulating means is masked by use off a black 
matrix (BM). 

As described above, the BM 34 is used fbr shiekJing the leakage light at the TFT and the tx>undary between the 
55 cell electrode and the bus line. The 41 th embodiment, however, uses the BM also at the domain regulating means. Con- 
sequently, the leakage light at the the domain regulating means can be masked fbr an improved contrast. 

Fig. 1 62 is a sectional view of a pcmel according to a 41 st emtxxtiment. As shown, the BMs 34 are arranged at posi • 
Xions corresponding to the protruskms 20A, 208, the TFT 33, and the interval between the bus lines (only the gate bus 
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line 31 is shown) and the cell electrodes 13. 

Rg. 163 shows a pixel pattern according to a 42nd embodiment. Conventionally, a delta arrangement is known. In 
which the display pixels, which are sut>stantialiy square in shape, are arranged in adjacent columns one half of a pitch 
displaced from each other. In a color liquid crystal display device, a set of color pixels is configured of three adjacent 

5 pixels of 13B, 130, 1 3R. Each pixel is almost square in shape, and as compared wtth a l-to-3 rectangle, an equal pro- 
portion of liquid crystalline molecules can be easily secured in each direction of division without reducing the protrusion 
interval considerably. In such a case, the data bus line is extended in zigzag along the perimetric edge of the pixel. In 
this way, the delta arrangement is very effective in the case where a protrusion arrangement or a depression anange- 
ment is continuously formed over the entire substrate surtace tor orientation division. 

10 Tlie 43rel embodiment to be descrbed next is an embodiment using the protrusions for controlling alignment or the 
protrusions 61 serving as blade matrices in the 40th embodiment as spacers. As also shown in Fig. 19, spacers are 
used to retain the distance (gap) between two substrates (thickness of cells) at a predetermined value. Fig. 1 64 is a dia- 
gram showing the structure of a panel of a prior art, wherein spacers 45 are placed on borders between pixels and 
define the thickness of cells. The spacers 45 are, for example, spheres having a predetermined diameter. 

IS Figs. 1 65A and 1 65B are diagrams showing the structure of a panel of the 43rd embodiment. Fig. 1 65A shows the 
structure of the panel of the 43rd embodiment, and Fig. 1 65B shows a modification. As shown in Fig. 1 65A, in the panel 
of the 43rd embodiment, protrusions 64 formed on the perimeters of pixels are made as thick as cells, and thus define 
the thickness of cells. In the drawing, the protrusions 64 are formed on the TFT substrate 1 7. Aiternatlvety, the protru- 
stons 64 may be formed on the CF substrate 16. This structure obviates the necessity of including spacers. No liquid 

20 crystal is present at the positions of the protrusions 64. For a vertically-aligned panel or the like, the positions of protru- 
sions (cell holder areas) of the panel appear in black all the time irrespective of an applied voltage. The black matrices 
are therefore unnecessary, and the protrusions 64- need not be made of a light-interceptive material but can be made 
of a transparent material. 

In the 43rd embodiment shown in Fig. 1 65A. the protrusions 64 define the thickness of cells. The precision in thick- 

26 ness of cells is dominated by the precision in forming the protrusions, and is therefore poorer than that permitted when 
the spacers are used. A panel having the structure of the sixteenth embodiment was actually produced. As a result, a 
level of uncertainty in thickness of cells can be controlled within ±0.1 micrometers. TTiis level would not pose any par- 
ticular problem in practice. IHowever. this structure is unsuitable when the thickness of cells must be controlled strictly. 
The modification shown in Fig. 167B is a structure intended to solve this problem. In the modification shown in Fig. 

30 1 67B, the spacers 45 are mixed in a resin to be made into the protrusions 65, and the resin is applied to the substrate. 
The substrate is then patterned In order to form the protrusions. In this modification, the merit of the 43rd embodiment 
that the spacers are unnecessary is lost, but there is a merit that the thickness of cells can be defined irrespective to 
the precision in drawing a pattern of protrusions. A panel having the structure shown in Fig. 167B was produced actu- 
ally The thickness of cells could be defined so precisely that an error falls within ± 0.05 micrometers. Nevertheless, the 

35 spacers are still needed. However, since the spacers are mixed in a resin, the spacers are arranged while the resin is 
being applied. This obviates the necessity of scattering the spacers at a panel production step. The number of steps 
included in the process does not increase. 

Figa 166A and 166B are diagrams showing cuiother modifk^tions of the 43rd embodiment. Fig. 166A shows a 
structure In which the protrusions 64 of the 43rd embodiment are replaced with protrusions 81 made of a light-intercep- 

40 tive material, and Rg. 166B shows a structure in which the protrusions 65 shown in Fig. 165B are replaced with protru- 
sions 62 made of a light-interceptive material. As mentioned akxjve. in Figs. 165A and 165B, the protrusions 64 and 65 
may be made of a transparent material. The protrusions can still fill the role of black matrices. However, when the pro- 
trusions are made of the light-interceptive material, perfect light interception can be achieved. 

Fig. 167 is a diagram showing a modification of the 43rd embodiment. Protrusions 83 are formed on the CF sub- 

46 strata 16 and protrusions 84 are formed on the TFT substrate 1 7. The protrusions 83 and 84 are brought into contact 
with each other, thus defining the thickness of cells. An effect exerted is the same as the one exerted by the 43rd 
embodiment and its nrnfif toatfon. 

In the 43iid embodiment and its modification, protrusfons lying on the perimeters of pixels are used to define the 
thickness of cells. Protrusions for controlling alignment, for example, the protrusions 20A shown in Fig. 160 may be 

60 used to define the thickness of cells. 

Furthermore, in the 40th embodiment, 43rd embodiment, and modifications of the 43rd embodiment, protrusions 
are formed all over the perimeters of pixels. Alternatively, the protrusions may be formed on parts of the perimeters of 
the pixels. For example, the protrusions 61 , 64 and 81 to 84 in the 43rd embodiment and its modification may be made 
of a light-interceptive material and formed along one sides of only TFT portions of pixels, that is, portions 62 shown in 

55 Fig. 59. As mentioned akx)ve, as far as a so-called normally black-mode panel that, like a vertk^ally-aligned (VA) panel, 
appears in black when no voltage is applied to mO electrodes is concerned, even if the black matrices are excluded, 
tight leakage hardly poses a problem. In this embodiment, therefore, only the TFT portions of pbcels are coated with a 
ligN-interceptive resin but the drain bus lines and gate bus lines surrounding the pixels are not coated therewith. As 
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mentioned above, ae the number of light-interceptive regions decreases, the numerical aperture improves accordingly. 
Tliis is advantageoua The structure in which protrusions are formed along only the TFT portions can be adapted to the 
43rd embodiment sndi its modifications shown in Figs. 165A to 169. 

In the 43rd embodiment, the black matrix is provided with the function of the spacer but according to the prior art, 

5 spherical spacers having a diameter equal to the cell thickness are sprayed on one of the substrates having the vertical 
alignment film formed thereon and then the other substrate is bonded. When the protrusion Is formed on the electrode, 
however, a part of the spacers so sprayed is positioned on the protrusion, if the diameter of the spacers is equal to the 
cell thickness In the case where no protrusion is formed, the cell thtokness becomes greater than the desired thickness 
due to the existence of the spacer on the protrusion. Further, when any force is applied fi-om outskJe to the panel that 

10 is once assembled and the spacers move on the protrusion, the cell thickness becomes greater at that portion and the 
problem of non-uniform display develops. The forty-fourth embodiment to be next explained is directed to solve this 
problem by decreasing the diameter of the spacers in consideration of the thickness of the protrusion. 

Figs. 1 68A to 1 68C show the panel structure of the 44th embodiment. Fig. 1 68A shows the TFT substrate 1 7 before 
assembly, Fig. 168B shows the CF substrate 16 before assembly and Fig. 168C shows the assembled state. As shown 

16 in Figs. 1 68A and 1 68B, the protrusion 20A is formed on the electrode 1 2 of the CF substrate 1 6 and the vertical align- 
ment film 22 is further formed. The protrusion 20& is formed on the electrode 1 3 of the TFT substrate 1 7 and the vertical 
alignment film 22 is before assembly and further formed. The protrusions 20A and 20B have the same height of 1 \um 
and are assembled so that they do not cross mutually when viewed from the panel surface. The cell thickness is 4 
micrometers Qim), and the diameter of the spacer 85 made off a plastic material \sZpm vAvch is the balance obtained 

20 by subtracting the height Of the protrusion from the cell 163 A thickness. As shown in Fig. 168A, 150to300pcs/mm?of 
spacers 85 are sprayed (sprinkled) on the TFT substrate 17. A seal is formed from a kx>nding resin on the CF substrate 
16 and the CF sulastrate 16 is bonded to the TFT 6ut>strate 1 7. The spacers 85 are positioned on the profrusions 20B 
or below the protrusions 20A at a certain probability as shown in Fig. 1 68C. This probability corresponds to the propor- 
tion of the areas of the protrusions 20A and 20B to the entire area. Under the state shown in Fig. 168C, the cell thick- 

2S ness is limited by the spacers positioned on the protrusions 20B or below the protrusions A and the thickness of the 
protrusions. TTie spacers 45 existing at portions other than the protrusions 20A and 20 B are floating spacers that do not 
affect the cell thickness. Since the cell thickness is limited by the protrusions 20A and 20B, the cell thickness hardly 
exceeds the desired value. Even when the spacers at portions other than the portions of the profrusions move to the 
profrusion portions during the use of the panel, the cell thickness does not become thick, and even when the spacers 

30 existing at the protrusion portions move to the portions other than the protrusion portions, they change to only the f bat- 
ing spacers. 

Fig. 169 is a graph showing the relationship between the scattered (sprinkle) density of the spacers and the ceil 
thickness. When the scattered density of the spacers is 100 to 500 pcs/mm^ the cell thickness falls within the range of 
4 nm ± 0.5 ^im. 

55 Next, Fig. 172 showrs the experimental result of variance of the cell thickness that occurs when a force is applied 
from outside to the panel, and the scattered density of the spacers. It can be appreciated from this result that when the 
scattered density is lower than 150 pcs/him^, variance is likely to occur again t the force applied, and when the scat- 
tered density exceeds 300 pcs/mm^, variance is iikely to occur against the tensile force. Therefore, the optimum scat- 
tered density is 150 to 300 pcs/mm^. 

40 In the manufacturing process of the liquki crystal display panel, ionic inrpurities are sometimes entrapped and ions 
contained in the liquid crystal and ions eluting from the alignment film, the protrusion forming material, the seal material, 
etc, mix in the liquid crystal panel in some cases. When the ions mix into the liquid crystal panel, the specific resistance 
of the panel drops, so that the effective voltage applied to the panel drops, too, thereby resulting in burn of the display 
and in the drop of the voltage retention ratio. In this way, mixing of the ions into the panel lowers display performance 

46 and reliability of the iKjuid crystal panel. 

For these reasons, the ion adsorption capacity is preferably provkied to the dielectric profrusion formed on the elec- 
trode, used as the domain regulating means in the enfixxfiments described above. There are two methods of providing 
the ion adsorption capacity to the profrusion. TTie first method irradiates the ultra-violet rays and the second adds a 
material having the ion adsorption capacity to the material of the profrusion. 

^ Surface energy of the protrusion forming material rises when the ultra-violet rays are irradiated to the material. Con- 
sequently the ion adsorption capacity can be improved. The surface energy y can be expressed by the sum of the polar- 
ity term yp of the surface energy asxi its scatter term yd. The polarity term is based on the Coulomb elecfrostatk; force 
and the scatter term, on the scatter force among the van der Waals force. When the uhra-violet rays are irradiated, 
bonding at portions having a low bonding energy is cut off. and oxygen In air combines with the cut portions. Accord- 

55 ingty, the polarizability of the surface increases, the polarity term becomes great and the surface energy increases. 
When the degree of polarization increases, the ions become more likely to be adsorbed to the surface. In other words, 
the surfece of the protrusion comes to possess the ion adsorption capacity when the ultra-violet rays are inradiated. It 
is preferred to selectively irradiate the ultra-violet rays to only the protrusions when irradiating the ultra-violet rays, but 
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because the bonds of the protrusion forming material are more likely to be cut off than the bonds on the surface of the 
sutsstrates, only the protrusions oome to possess the ion adsorption capacity even when the ultra-violet rays are irradi- 
ated to the entire surface of the panel. The vertical alignment film is formed after the ultra-violet rays are irradiated. 
An ion exchange resin, a chelating agent, a silane coupling agent, a silica gel. alumina, zeolite, etc. are known as 

5 the materials having the ion adsorption capacity. Among them, the ion exchange resin exchanges the ions, and supple- 
ments the ions that have existed as impurities from the beginning, instead, it discharges other ions and for these rea- 
sons. It is not suitable for the protrusion forming material. Among the materials having the ion supplementing capacrty, 
some materials exist which have the ion supplementing capacity without emitting the sulsstituent ions, and such mate- 
rials are preferably used. Examples of such materlale are crown ether having the chemical fbrmula shown In Fig& 1 71 A 

10 and 1 71 B and kryptand having the chemical formula shown in Figs. 1 72A and 1 72& Further, inorganic materials such 
as alumina and zeolite have the capacity of supplementing ions without emitting ions. Therefore, these materials are 
used. Incidentally, since the kinds of the ions adsorbed by one ion adsorption material are limited, materials adsorbing 
different ions are preferably used in combination. 

A protrusion line having a width of 7.5 ^m, a height of 1 .5 ^m and a gap of 1 5 ^m between the protrusions is formed 

16 from a positive type resist, and is subjected to the treatment for imparting the various ion adsorption capacity described 
above so as to manufacture the panels. Fig. 250 shows the result of measurement of the initial ion density and the ion 
density (unit: pc) after the use for 200 hours of the panel so nnanufactured. In Fig. 250. ultra-violet rays of 1 ,500 mJ are 
irradiated in Example C, 0.5 wt% of crown ether is added In Example D, zeolite is added In Example E, and crown ether 
and zeolite are added in Example F For reference, the case where the treatment for imparting the ion adsorption capac- 

20 ity is not canried out represented as Comparative Example. A 10 V triangular wave having a frequency of 0.1 Hz is 
applied at the time of use, and the temperature at the time of measurement is 50''C. It can be appreciated from the 
result that the initial value of the ion density remains at substantially the same level regardless of the ion adsorption 
capacity treatment. However, the ion density after 200 hours drastically increases when this treatment is not carried out, 
but when the treatment is carried out. the increase remains small. 

26 When the sample to which the ultra-violet rays are irradiated and the sample which is not at all treated are sub- 
jected to the practical running test, burn occurs in the un-treated sample but does not occur in the sample subjected to 
the ultra-violet irradiatton. 

In the 40th embodiment, the structure in which a pattern of protru^ons is drawn on the CF substrate 16 using black 
matrices has been disclosed. The structure will be described below. 

30 As mentioned above, if a pattern of protrusions can be drawn on the CF substrate 1 6 in the conventional manufac- 
turing process, since a new step need not be added, an increase in cost deriving from drawing of a pattern of protrusion 
can be minimized. The seventeenth embodiment is an embodiment in which a pattern of protru^one are drawn on the 
CF sut>etrate 16 by utilizing the conventional manufacturing process. 

Figs. 1 73A and 1 73B are diagrams showing the structure of the CF substrate of the 45th embodiment. As shown 

35 in Fig. 173A. in the 45th embodiment, the color fiter (CF) resins 39R and 390 (and 39B) are applied pixel by pixel to 
the CF substrate 16. Black matrices or an appropriate material such as a CP resin or any other flattening resin is used 
to define a pattern of protrusions 50A by tracing predetermined positions. ITO (transparent) electrodes 12 are then 
formed on the pattern of protrusions. A material to be made into the K>lack matricis is not restricted to any spedffic one. 
For fbrming protrusions, however, a certain thickness la needed. From this viOMpoint. the adoption of a retin is prefter- 

40 able. 

Fig. 173B is a diagram showing a modification of the CF substrate in the 45th embodiment. Black matrices or an 
appropriate material such as a CF resin or any other flattening resin is used to draw a pattern of protrusions 50B by 
tracing predetermined positions on the CF sUsstrate 16. Thereafter, the CF resins 39R and 39Q are applied. Conse- 
quently, the CF resin defining the pattern of protrusions gets thicker. The pattern of protrusions can now provide protru- 
45 sions as it is. The ITO (transparent) electrodes 12 are then formed. 

According to the structure of the 45th enikx)diment, protrusions can be formed at any positk>ns on the CF substrate. 

F^. 174 is a diagram showing the structure of a panel of the 46th embodiment. In the 46th embodiment, the pro- 
trusions 50 are tormed on the perimeters of pixels on the CF substrate 16, that is. on seams between the CF resins 
39R, 390. and 39B or on seams relative to black matrices 34. On the TFT sut3strate 1 7, the protrusions 208 are formed 
60 at positions coinddent with intermediate positions between the seams. For forming continuous protrusions along one 
sides of the pixels opposed to the seams on the OF substrate 16. that is, for drawing a pattern of linear protrusions, a 
pattern of linear protrusions is drawn parallel to the pattern of protrusions by tracing positions near the centers of the 
pixels on the TFT sul>strate. Moreover, when continuous protrusions are formed along all sides of the seams between 
the pixels on the CF substrate 16, the pattern shown in Fig& 80A to 81 is drawn. On the TFT substrate 17. i:^amidal 
55 protrusions are formed near the centers of the pixels. 

The structure of the panel of the 4eth embodiment can be adapted to various forma An example of the structure of 
the CF substrate of the 46th embodiment will be described below. 

F^. 175A to 180B are diagrams showii^ exanples off the structure of the CF substrate of the 46th emtxjdiment. 
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Fig. 175A shows a structure in which the black matrix {BM) 34 is interposed between each pair of the CF resins 39R 
and 39G. The black matrices 34 are formed thicker than the CF resins, and the ITO electrodes 12 are.lbrmed on the 
k)lack matrices 34. The black matrices 34 become protrusions. Even in this case, the black matrices 34 should prefera- 
bly be made of a resin or the like. 

s In Rg. 1 75B. the thin black matrices 34 made of a metal or the like are formed on the CF sut>strate 12. The CF res- 

ins 39R and 39Q are applied to the black matrices, thus forming color filters. TTiereafter. the CF resin 39 is applied in 
order to form protrusions 70. The ITO electrodes 12 are formed on the protrusions. 

In Rg. 1 76A, the thin black matrices made of a metal or the like are fbrmed on the CF substrate 12. The CF resins 
39R and 39G are applied to the substrate, thus forming color filtera A resin other than the CF resin, for example, a resin 

10 used as a flattening material is used to form protrusions 71 without the use of the black matrices 34. The ITO electrodes 
12 are then fonmed on the protrusions. In this case, like the structure shown in Fig. 175A, the flattening material is 
applied thicker than the CF resin. 

In Fig 1 76B. a resin or the like is used to form the black matrices 34, of which thickness is the same as the thickness 
of protrusions, on the CF substrate 12. The CF resins 39R and 39G are applied so that they will overlap the black matrt- 

19 ces 34, thus forming color filters. Thereafter, tlie ITO electrodes 12 are formed. The portions of the CF resins overlap- 
ping the black nnatrices 34 serve as protrusions. 

In Rg. 1 77A, the thin black matrices 34 made of a metal or the like are formed on the CF substrate 1 2. and the CF 
resin 39R is then applied to the substrate. Thereafter, the CF resin 390 is applied to overlap the CF resin 39R, and the 
ITO electrodes 12 are then formed. Portions of the CF resin 390 overlapping the CF resin 39R serve as protrusions. At 

20 the positions of the protrusions, the black matrices 34 are included fbr not aDowing passage of light. Either of the color 
filter resins may overlap the other color fitter resin. According to this structure, protrusions can be formed at the step of 
forming color filters. The number of steps will therefore not increase. 

In Fig. 177B. a flattening material 71 is applied to overlap parts of the CF resins 39R and 39G on the same sub^ 
strata as the one shown In Fig. 176A. Port'ons of the flattening material 71 overlapping the CF resins serve as protru- 
26 sions. Owing to this structure, the flattening material 71 can be nruide as thin as the height of protrusions. 

The aforesaid structures are structures in which ITO electrodes are fbrmed on protrusions and electrodes have the 
protrusions. Next, an example of a structure in which an insulating material is used to form protrusions on the ITO elec- 
trodes will be described. 

In Rg. 178, after color filters are formed on the CF substrate 16 by applying the CF resins 39R and 39Q, the ITO 
30 electrodes 12 are formed. TTie black matrices 34 are then placed in order to form protrusfons. Even in th's case, the 
number of steps will not increase. 

In Rg. 1 79A. after the thin black matrices 34 are formed on the CF substrate 16, the ITO electrodes 12 are formed. 
Color filters are then formed by applying the CF resins 39 R and 39G. At this time, the CF resin 39G is applied to overlap 
the CF resin 39 R, thus forming protrusions. Even in this case, the number of steps will not Increase. 
35 In Fig. 1 79B, after the thin black matrices 34 are formed on the CF substrate 1 6. cofor filters are formed by applying 
the CF resins 39R and 390. The ITO electrodes 12 are then formed. The flattening material 71 is then used to form 
protrusions. 

in Fig. 1 60 A, after the ITO electrodes 12 are formed on the CF sut>strBte 1 6, cofor filters are formed by applying the 
CF resins 39R and 39Q. The black matrices 34 are then placed on the color filters, thus forming protrusions. 

40 In Rg. 1 80B, after the thin l>lack matrices 34 are formed on the CF substrate 1 6. cofor filters are formed by applying 
the CF resins 39R and 390. A flattening material 72 is used to flatten the surface. The ITO electrodes 12 are then 
formed on the surface and the black matrices 34 are forther formed, whereby protrusions are realized. 

Figs. 181A to 1810 are diagrams illustrating the steps for producing the color filter (CF) substrate according to a 
47th embodiment. The CF sut^strate has a protrusion as a domain regulating means. 

45 Referring to Fig. 181 A. a glass substrate 16 is prepared. Then, as shown in Fig. 181B, a resin (resin B. CB'7001, 
manufactured by Fuji Hanto Co.) 39B' for negative-type flue filter is apF)lied onto the glass substrate 16 maintaining a 
thickness of 1 .3 ^m. Then, as shown in Fig. 1 81 C. the resin B is formed on the portions of the blue (B) pixel. BM portion 
and protrusion 20 A by the photolithography method using a photomask 370 as shown. Next, refenring to Fig. 181 D, a 
resin (resin R, CR-70D1 , manufactured by Fuji Hanto Ca) 39R' for red filter is applied to form the resin R on the portions 

60 of the red (R) pixel, BM portion and protrusion 20A by the photolithography method. Referring to Fig. 181 E, a resin 
(resin O, CG-7001 , manufactured by Fuji Hanto Co.) 39G' for green filter is applied to form the resin G on the portions 
of the green (Q) pixel, BM portion and protrusion 20A by the photolithography method. Through the above-mentioned 
steps, corresponding color filter (CF) layers are formed in one layer only on the pixel portions B, G and R. and the resins 
B, Q and R are formed in three layers being superposed one upon the other on the BM portion and on the protrusion 

66 20A. The portions where the resins B. O and R are superposed in three layers are black portions without almost per- 
mitting the passage of light. 

Next, a transparent flattening resin (HP- 1 009 manufMured by Hitachi Kasei Co.) is applied by a spin coaler main- 
taining a thickness of about 1 .5 \»m, post-bakad in an oven heated at 230^*0 for one hour, and an ITO film is formed by 
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maek-eputtering. Referring next to Fig. 181 F. a black positive-type resist (CFPR-BKP manufactured by Tol^ Ohka Ca) 
is applied by the spin coater maintaining a thickness of about 1 .0 to 1 .5 |i, pre-jaaked, and is exposed to ultraviolet rays 
having a wavelength of 365 nm in a dosage of 1 000 mJ/cm^ from the back surface of the giass suk>strate 16 through 
the CF resin. The portions where the resins B, G and R are superposed in three layers permit ultraviolet rays to transmit 
5 through less than through other portions, and where a threshold value of exposure is not reached. When developed with 
an alkali developing solution, the BM portion 34 and the protrusion 20A are formed that were not exposed to light, and 
are post-baked In an oven heated at 230**C for one hour. Moreover, a vertical alignment film 22 is fbrmed to complete 
the CF substrate. 

Fig. 182 is a sectional view of a lk|uid crystal panel completed k>y sticking the CF substrate 16 prepared as 

10 described above and a TFT substrate 17 together. In the TFT substrate 1 7, a slit 21 is fbrmed as a domain regulating 
means in the pixel electrode 13. and a vertical alignment film 22 is formed thereon. Reference numeral 40 denotes a 
gate protection film and a channel protection film. On the portions where the light must be shieMed, the BM 34 and the 
resins of the three layers B, Q and R are superposed one upon tiie other to favorably shield the light. TTie protrusion 
20 A of the CF substrate 1 6 and the slit 21 in the TFT substrate 1 7 drvkie the orientation of Ik^uid crystals making it pos- 

15 sible to obtain good viewing angle characteristics and high operation speed. 

According to the 47th embodiment as described above, the protrusion 20 A which is the domain regulating means 
and the BM 34 are formed on the CF substrate without the need of exposure to light through a pattern, but by patterning 
by exposure to light from the back suffsce, making it possible to simplify the steps tbr fbrming the protnisk>n 20A and 
the BM 34, to lower the cost and to increase the yieM. 

20 In the 47th emt)odiment, the pigment scatter method is employed for forming the CF This can be similarly adapted 
even to the dying method and to the case where a non-photosensitive resist fbrmed by dispersing a pigment in the poly- 
imide is to be formed by etching. According to the 47th embodiment, the CF resins are superposed in three layers on 
the portions of the protrusion 20 A and BM 34. These resins, howei/er. may be superposed in two layers provided the 
wavelength of the irradiation light and the irradiation energy are suitably selected at the time of exposure through the 

26 back surface. 

In the 47th embodiment, the BM and the protrusion which Is the domain regulating means are formed on the CF 
substrate without patterning. However, the fifth embodiment can be also adapted even to the case where the BM only 
is formed without forming protrusion, as a matter of course. A 48th embodiment deals with a case where the BM is 
fbrmed but forming the protrusion by a method different from that of the 47th embodiment. 

30 Rgs. 183A and 1 83B are diagrams illustrating a step of producing the CF substrate according to the 48th embodi- 
ment, and Figs. 184A and 184B are diagrams illustrating a panel structure according to tiie 48th emfcxKliment. 

In the 48th embodiment, no CF resin is superposed on a portion corresponding to the protrusion but the CF resin 
is superposed on a portion corresponding to the BM only to form a BM profusion 381 . Next, without effecting the flat- 
tening, an ITO film 12 is formed as shown In Fig. 183A, and the above-mentioned black positive-type resist 380 is 

35 applied thereon maintaining a predetermined thickness, for example, about 2.0 ixm to 2.5 ^m. Then, the developing is 
effected by exposure to light from the back surface to obtain a panel having a BM resist 380 superposed on the BM pro- 
trusion 381 as shown in Rg. 183B. The BM 34 is constituted by both the BM protrusion 381 and the BM resist 380. 

The CF substrate and the TFT suk>8trate are stuck together to prepare a panel shown in Fig. 184A. Rg. 184B is a 
view illustrating, on an entarged scale. A circular portion of a dotted line of Fig. 184A, and In which the BM resist 380 is 

40 in contact with the TFT substrate 1 7. and tiie distance between the substrates is defined by both the BM probrusion 381 
and the BM resist 380. That is. the BM protrusion 381 and the BM resist 380 work as a spacer. 

According to the 48tti embodiment as described above, there is no need to pattern tiie BM simplifying the steps, 
and the BM works as a ^^acer eliminating the need of providing tiie spacer In the 48tti embodiment, tfie positive-type 
resist was used to form the BM by exposure to light through the back surface without effecting the patterning. However, 

45 either tiie negative-type resist or tfie positive-type resist can be used provided it can be patterned by the photolithogra- 
phy method. The resist which is not of a black color can be used for forming protrusion which works as a domain regu- 
lating means, or can be used as a spacer in compliance witfi the 47th embodiment 

Next, described below is a case where the protrusion 341 on which the CF resin is superposed in the 48th emtxKl- 
iment, Is directty used as the BM. 

so Figs. 185A to 185C are diagrams for illustrating the steps fbr producing the CF sut>strate according to a 49th 
embodiment, and Fig. 186 is a diagram illustrating a panel structure according to the 49th embodiment. 

Referring to Fig. 185A. the CF resin is superposed in tiiree layers on the BM to form a protrusion 381 which permits 
light to pass through very little. Referring next to Fig. 1 85B. the above-mentioned transparent flattening resin is applied 
by a spin coater maintaining a thickness of about 1.5 Mm. post-baked at 230^C for one hour and. then, an ITO film 12 

55 is fbrmed. Then, in Fig. 185C, a positive-type resist (SC-1 81 1 manufactured by Shipley Far East Ca) is applied main- 
taining a ttilckness of about 1 .0 to 1 .5 ^m), pre-baked, and a protruston 20A is formed by the photolithography method. 
The protrusion 381 formed by superposing the CF resins B, G and R in tiiree layers does not almost permit light to pass 
through and works as the BM. The thus completed CF sitetrate 16 and the TFT suK>strate 1 7 are stuck together via a 
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spacer 45 to obtain a panel as ehovm in Fig. 166. 

The 47th to 49th embodiments have dealt with the cases where the BM was fbmied by superposing the CF resins. 
The liquid crystal display device of the VA system holding the negative-type liquid crystals, is normally blade, and the 
non-pixel portions to where no voltage is applied do not almost permit light to pass through. Therefore, the BM for 
5 shielding light for the non-pixel portions may have a light transmission factor which is not acceptable in the case of the 
normally white device. That is, the BM may have a light transmission factor which is low to some extent. An 50th embod- 
iment is to easily produce the CF substrate by giving attention to this point, and uses a CF resin or. concretely speaking, 
uses the resin B as the BM. TTiis does not develop any prMem from the standpoint of quality of display. 

Fig. 1 87 is a diagram illustrating a step for producing the CF substrate according to the 50th embodiment* and Rgs. 
10 186A and 188B are diagrams illustrating the panel structure according to the 50th embodiment. 

Referring to Fig. 187. the CF resins R. Q (CR-7001. CQ-7001. manufoctured by Fuji Hanto Co.) of two colors are 
formed on the glass substrate 16, and the negative-type photosensitive resin B (CB-7001 manufactured by Fuji Hanto 
Co.) is applied thereon by using a spin ooater or a roll coater and is pre-baked. Then, the glass substrate 16 is exposed 
to ultraviolet rays of a wavelength of 365 nm in a dosage of 300 mj/cvr? from the back surface thereof, developed by 
16 using an alkali developing solution (CD manufactured by Fuji Hanto Co.), and is po8t-l>aked in an oven heated at 230''C 
for one hour. Thereafter, an IIO film is formed and, then, a vertical alignment film is formed. That is, the resin B is 
formed on the portions other than the portions where the CF resins R and Q are formed. The CF resins are not formed 
on the portions where the light must be shielded by forming the BM; i.a, the resin B is formed on the portions where 
the light must be shielded. 

20 Referring to Fig. 188A, the resin B 39B is formed as BM on the portions of bus lines 31, 32 and on the portions of 
TFTs where the light must be shielded. Fig. 188B is a diagram illustrating, on an enlarged scale, a circular portion of a 
dotted line of Rg. 188A. As shown, a high numerical aperture can be obtained by selecting the width of the light-shield- 
ing portion (resin B) 362 of the side of the CF indicated by an arrow to be equal to the widths of the bus lines 31 . 32 of 
the TFT substrate 1 7 to which a margin ® is added at the time of sticking the two pieces of sulDStrates together. 

26 In the 50th embodiment, the resin B is formed last since the transmission factors of the g-, h- and i-rays off photo- 
sensitive wavelengths are resin B > resin R > resin G. When the CF resin having a high exposure sensitivity (which may 
be exposed to a small amount of light) and the CF resin which permits photosensitizing wavelength to pass through at 
a large rate, are formed last, the resin of a color formed last remains little on the resins that have been formed already, 
which is desirable. 

30 In general, it is effective if the first ookK is that of a resin (generally B > R > Q in the transmission light) which makes 
it easy to discriminate the position alignment mark of an exposure device, and if the alignment mark is fbrmed together 
virith the pixel pattern. 

Fig. 192 is a diagram illustrating the structure of the CF substrate according to a 51th embodiment. In the conven- 
tional liquid cr^tal display device, the BM 34 of metal film is fbrmed on the glass substrate 1 6, the CF resin is fbrmed 
35 thereon, and the ITO film is further fbrmed thereon. According to the ninth embodiment, on the other hand, the BM is 
formed on the ITO film. 

In the 51th embodiment the CF resin 39 is formed by patterning on the glass sulastrate 16 like in the emtxxlimerrts 
described above. As required, a transparentf lattening memt>er may be applied thereon. Next, a transparent ITO film 12 
is fbrmed, and a light-shielding film 383 is formed on a diagramed portion thereon. For example, tiie ITO film 12 is 

40 formed by sputtering maintaining a thickness of about 0.1 Mm via a mask, and chromium is grown thereon as a light- 
shiekiing layer maintaining a thickness of about 0.1 ^m. Furthermore, a resist is uniformly applied onto the light-shield- 
ing layer maintaining a thickness of about 1 .5 iim by such a coating method as spin coating, and the light-shielding film 
is exposed to light through a pattern, developed, etched, and is peeled, thereby to form the light-shiekiing film 383. The 
light-shielding film 383 is composed of chromium and is electrk:ally conducting, has a large contact area relative to the 

46 ITO film 12 and makes it possible to lower the resistance of the ITO film 1 2 over the whole substrate. The ITO film 1 2 
and the light-shielding film 383 may be fbrmed by any metiiod. According to the conventional method, the ITO film 12 
is formed, and the substrate is annealed and is washed to form the chromium film. According to the 5l1h embodiment, 
the ITO film 1 2 and the chromium film are continuously formed in an apparatus, making it possible to decrease the step 
of washing and, hence, to sinrplif y the steps. Therefore, no f iln>fbrming device is required, and the apparatus is realized 

60 in a small size. 

Figs. 190A and 190B are diagrams illustrating a modified example of the CF suk>strate of the 51th embodiment. In 
Fig. 190A, the three CF resins are formed, another resin 384 is fbrmed in a groove in the boundary of the CF resins, 
and the ITO film 12 and the light-shielding film 383 are fbrmed. In Fig. 1 90B. the two CF resins 39R and 39Q are formed 
like in the eighth embodiment explained with reference to Fig. 187. Then, the resin 8 is applied maintaining a thickness 
S6 of about 1 .5 tun, and the substrate is exposed to light from ttie back surface thereof and is developed to fbrm a flat sur- 
face. Then, the ITO film 1 2 and the light-shielding film 383 are formed thereon. Since the surfeces of the CF layers are 
flat the ITO film is not cut, and the resistance of the ITO film 12 can be k>wered over the whole substrata 

When a colored resin having a low reflection factor is used as the resin 384 or 39B under the light-shielding film 
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383, the light-shielding portion exhibite a decreased reflection factor, and light felling on the liquid crystal display device 
from the outer side Is less reflected. Furthermore, when a colored resin having a small transmission factor is used as 
the resin 384 or 39B under the light-shielding film 383. the light-shielding portion exhibits a deaeased transmission fee- 
tor, enabling the contrast of the liquid crystal display device to be enhanced. 

5 In the stnjcture of Fig. 190B, furthermore, the CF resin 34B is formed requiring no patterning. Therefore, there is 

no need to use an exposure apparatus which is capable of effecting the patterning and is expensive correspondingly, 
and the investment for the facilities can be decreased and the cost can be decreased, too. 

Fig. 191 is a diagram illustrating a modified example of the 51 st embodiment. Spacer for controlling the thickness 
of the liquid crystal layer are mb^d in advance in the resist that is to be applied onto the iight-ehletding film. After the 

10 resist Is patterned, therefore, the spacers 45 are formed on the light-shielding film that is formed in any shape. This elim- 
inates the step for dispersing the spacers. 

Fig. 192 is a diagram Illustrating a CF sut>strate according to a 52rd embodiment. According to this embodiment, a 
chromium film is formed on the ITOfllm 12 and a resist is applied thereon. At the time when the light-shielding film 383 
is to be patterned and exposed to light, the protrusion that works as a donuiin regulating means is patterned simulta- 

15 neously therewith. After developing and etching, the resist is not peeled off but is allowed to stay. Thus, an insulating 
protrusion 387 that works as a domain regulating means is formed on the CF substrate 16. By using such a CF sub- 
strate, there is realized a panel of a structure shown in Rg. 193. 

As described in the 47th embodiment, CF f Dms are formed on a CF substrate, the CF substrate is coated with flat- 
ting resin such as acrylic resin so that the surfece of the suk>strate becomes flat and an electrode of an ITO film is 

20 fbrmed thereon. In some cases, the surfece flatting step is omitted In order to simplify the process. The CF substrate to 
which the surfece flatting step is not performed is called a CF sut)6trate with no top-coat. The CF suk^strate with no top- 
coat has grooves formed between respective CF lilms. TTie ITO film is formed with a sputtering process. When the ITO 
film is fbrmed is fbrmed on the CF substrate with no top-coat, it occurs a prot>lem that the ITO layer is rigid on flat sur- 
feces but it is coarse at the grooves because the sputtering process has anisotropy. 

2S TTierefbre, when material of vertical alignment film is coated or printed, solvent included in the material infiltrates 
into the CF films through the grooves after the coating or printing to a procuring procesa The infiltrated solvent remains 
inside the CF layers after the procuring process is completed. The solvent remained inside the CF films generates cra- 
ters on the surfeces of the vertical alignment film. The craters cause display unevennesses. According to the 51th 
embodiment, the light-shiekfing film provided at the grooves can prevents the infiltration of solvent. In a 52th emkradi- 

30 ment, resin provided at the grooves between respective CF films are used as protrusions. 

Figs. 251 A to 251 D are diagrams showing a production process of a CF substrate of the 52th embodiment. Fig. 
251 A shows a CF substrate with no top-coat. The CF films 39R, 39G and 39B are formed, the light-shielding films 34 
are formed under the boundaries of the respective CF films, and the ITO film is formed the CF filma As shown in Fig. 
251 B, a positive resist is coated. As shown in Fig. 251 C, the positve resist is irradiated with ultraviolet light from a sur- 

35 fece of the glass suk>strate, and it is devek>ped. Then, protrusions 390 are fbrmed at positions corresponding to the 
light-shielding films 34. The protrusions 390 prevent the infiltration of solvent Further, the protrusk>ns 390 operate as 
the protrusions 20A of the CF sut)strate. 

The structures of a liquid crystal display In accordance with the present invention have been described so fer. 
Examples of applications of the llqukJ crystal display will be described below. 

40 Fig. 1 94 shows an example of a product employing the liqukj crystal display in accordance with the present inven- 
tion, and Fig. 195 is a diagram showing the structure of the product. As shown in Fig. 195. a liquid-crystal panel 100 
has a display surfece 111, arKf makes it possible to view a displayed image not only from the front side but also from 
any oblique directton defined by a large angle while offering an excellent viewing angle characteristic, a high contrast, 
and good quality but not causing gray-scale reversal. On the back side of the liquid crystal panel 100, there are a light 

45 source 1 1 4 and a light box 1 13 for converting illunnination light emanating from the light source 1 14 to light capak)le of 
illuminating the liquki-cryslal panel 100 uniformly 

As shown in Fig. 194, a dispfey screen 1 10 of this product is turnable and the product is therefore usable as either 
a sideways display or lengthwise display according to a purpose of use. A switch for use in detecting a tilt by 45*" is 
therefore included. By detecting the state of the switch, switchhig is carried out to select whether display is carried out 

60 for the sideways display or for the lengthwise display. For this switching, a mechanism for changing a direction, in which 
display data is read from a frame memory for image display, by 90° is needed. The relevant technology is well-known. 
The description of the technology will be omitted. 

An advantage provided when the Ikiuid crysfel display in accordance with the present invention is adapted to the 
at>ove product will be described. Since a conventional Ikiuid crystal display permits only a small viewing angle, when a 

66 large display screen is adopted, there arises a prot)lem that a viewing angle relative to a marginal part of the screen 
gets so large that the marginal part becomes hard to see. However, a liquid crysfel display In which the present Inven- 
tion is implemented makes it possble to view a high-oontrast image even at a large viewing angle without occunrence 
of gray-scale reversal, in the product shown in Rg. 1 94, a viewing cmgle relative to a longer marginal part of the display 
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